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Tho present paper was prepared under tlu) (In ectiuu of J’rofossor J ]T C Coffin, 
Superintendent of tlie Nautical Almanac, and was, liy re(picst, fiu nisliod to tlio Com- 
mission on the Transit of Venus, to form pait of the senes puhlisliod by it 

B F SANDS, 

Heat -Athnu al U 8 N, Ptcsidcnt of the Commmion. 
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Letta of Pj ofo^^ot Coffin to Prm -Admn <tl Samh ft ai/sm/ffiin/ Mi ni/I\ (hn h and fahJes 

Xvi'TlC'VL AuMVXVC OrFK'F, 

0 ’ 

n ((blnuf/foij I) ^ Octohe) i, 1872 

Djcnk Sii! l^he follow uig dun ts and t,i 1 »les, foi picdn hons of tlio tiniisit of Veiiiis 
iu i 874 ) woio piepaiod l)y JFi IFill, l>v ni\ dnectioip <ih a snpploniont to tlio Ameiicau 
TBpliciiioiiiS and Isautical AIiiuuuk riicyaio >>0 appiopiitifc to tlic soiios of papois 
puldidied ])\ tlio ooiiinii.ssioii a[)poiiit(‘d to niako pi ejiaiahon.s foi the olisonation ol tlio 
transit that I aoiv roadilv tianshu tlunn to it 

1 have appended some simjde e\])lanationh ot the ( halts, and diioitioiis foi then 
^l^e They are desioned pailienlailv toi nad<>atois m the Pantie and India, n Oceans, 
who, aeeiistoined to note (“arelulh the times ot then ohservations, mavdosiie to ohsene 
this tiaiisit, hut mav not be able to (ominehend JIi Hill’s papei 
T am, vei\ i e'^peidtiilly, a our obedient sen ant, ' 

J ir 0 COFFIN, 

I’lofv.sstii of Mathnnafu^, F 8 K, 8jipr} mhaideiif 

Iteav-Adimral B F Kinds, F K N, 

8iipo minidruf of U 8 Xai al OFn i afoi // 
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CJiaifs and tables foi facildttfinf/ jn eda ianis of the set end jihoses of the iiatnnt of Tfni/s in 
Deconhe), 1874, piepaied In/ 3 li Oeou/e IF Jfdf ess/s/ro/t ni the Nanfaal Almanac 
Office 

Nvac'K Truvi'iKF, Nr.w Youic, Jma‘ 29, 1872 

Dkar Sir J lespecttullv ])ieseiit the following lepoit m relation to the tiansit ot 
Venus in 1 8 74 

All the constants and elements wbuh liaie heeii used in the tompiitations on the 
tiansit aie given beloiv The quantities liaimg no teiins multiplied by f ai e eithei 
constant or may be leg aided as such foi the duiation of the tiansit, and the cpianti- 
ties -vyhich vary may be regarded as vaiying nniforinly "Idie unit of t is an hoiii 
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Eimli: 1874, Becemher 8'^ ii*", Washington mean time. 


VENUS. 

Orloit vofcrrocl to tli6 nioAri G{][iiinox 

of date - - 

Longitude of the ascending node - - - - - 

Log sine of inclination 

Periodic perturbations of the latitude . . . - 

Log radius-vector 

Semi-diameter at mean distance 

THE SUN. 

Time longitude, referred to the mean ecj^uinox 

of date , ■ • ■ ■ 

Latitude 

Log radius-vector . . - 

Semi-diameter at mean distance 

True obliquity of the ecliptic 

Equation of the equinoxes in longitude - . - 

Sidereal time, at Washington, in arc ... - 

Constant of solar parallax 

Comstant of aberration • . 

Eccentricity of the earth’s meridians .... 
Horizontal refraction 


76° 58' \2". 84 4- 242''. 332 t 
75 ° 33' 24''- I 
8.7722486 
-f-o'L II 

9.8575310 — 27. 6t 

ST 546 


256^ 58' 41''. 62 -l-i52'L 532i 

- o".4i 

9.9932845 — 21. 3rt 

959'' • 7S8 

23° 2 j ' 2 ']" . 67 

— 7'C 42 

62^44' 9”- 6 4- (i 5° 2' 27" . 84)^ 
8^.848 
20". 445 1 
0.0816967 


The elements of the heliocentric position of Venus are from the now Tallies of 
Venus,* and may be readily deduced from the first example given in jiagi's 16-19 of 
the introduction. 

The apparent position of the sun which results from tlio aliove elements coincides 
with that derived from the tables of Hansen and Olufsen, but the true longitude is 
o".i9 greater, owing to the adoption of Struve’s value of the constant of aberration, 
2o".445, instead of the value 20". 2 5 5. 

The value of the sun’s semi-diameter is adopted from Bessel. (See AdronorniscJic 
Naciirichten, Ho. 228, and AstronomiscJie UntersiicJnmgen, Vol. IT, p. 114.) This value 
is used in the computation of eclipses for the American Ephemeris. llansen luis also 
used it in his disquisition on the transit of Venus. In the British Nautical Almanac 
the value 96i".82 is used, and is the same as that given for the reduction of meridian- 
obseiwations of the sun. Leveirier states (Annales, Vol. VT, p. 40) tliat the value, 
deduced fr-oin the previous transits of Venus, is 958^.424. Hence it is proliable that 
predictions fr’om the elements of the British Nautical Almanac will be found to la^ 
considerably -in error from this cause. 

From the data given above are obtained the following hourly ephemerides. T’or 
the sake of completeness they are expressed in terms of longitude and latitude, as well 
as in light ascension and cleclinatioii. 

* of Venus, prepared for the use of the American Ephomoris and Nautical Almanac, by (icoru’o W. Hill- 

Washington, 1872 . >. a ■ 
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Piom those quantities the position of the centei of the sun, as seen fiom the center 
of Venus, IS deiived 
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In the next place are obtained the following quantities, which aie designated by 
the eclipse-notation* of Chauvenet’s Spherical and Piactical Astionomy, which, for the 


* Tlie plane of leferonco passes thiongh the center of the earth perpendicular to the axis of the enveloping cones , 
a and <l aio the right ascension and declination of the vanishing point of the axis, ^itj.the hour-angle of that point at the’ 
fliat meiidian , (?, the distance of the sun and planet, x, y, the co-ordinates of the axis in the plane of reference, y being 

taken positive toward the north,® positive toward that point whose light ascension is 90° -f- a, ^and ^ are the 
liouily obauges of aj and 2/, / la the angle of the cone, Z, the radius of the cone m the plane of reference, t - tan /, 

2 V PT II 



most part, is identical with that of Bessers Analyse der Finsternisse 
bered tliat Venus here takes the place of the moon. 


It must be remem- 


Wivsh. M. T. 

1 

X 

i 

1 (lx 

' dl : 

V 

! 

dy 

dt 


1S74. 

Dec. S'l 8*' 

II 

14 

+ 37.6744 i 
-1- 8.4134 

— 20.8759 

1 — 9.74895 
9.75838 
— 9.76782 

+ 25.0318 
32.7602 

4 * 40.4042 

H- 2.59020 

2 '.-56207 
+ 2.53393 

122 0 36.6 

166 55 0.8 

211 49 24.6 


Wash. M. T. 


/ 


1S74. 


ri 

14 


.299 

•324 


Exterior contacts. 

Interior contacts. j 

' . , I°gZ 

log i 

/ 


log 1 

logi 

41.1254 , 1.614110 

62 ig 

68 124 

. 

7 . 8141 

41 

41 

f ft 

22 . 0.545 

•570 1 
■595 

38.4845 

54 

59 

1.585286 

296 

301 

.. 

7.8063 

63 

63 


CURVES REPRESENTED ON THE CHARTS. 

keen “"1^ fortL‘™, ^ computations wliiclt have 

Been made f u the pm-pose of ch-atvmg the charts. These charts Me desimied to mve 

drtld“‘“”r ““ending each of the four contacts at any point of “the 

■tt wl • "I'™ “ circumstances may be taken to he the tim! 

b} the curve ujion winch contact takes place in the horizon. The readiest method of 

hS'on'lr positions 

curvol on the chart, draw the 

astronomy rXLtkpta “ ® 

pmn lax on thortght as^nsion and decimal of 

Then the position of this point can be found by the equations, neglected. 
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tlie upper wgn being used for the exteiior contacts, and tlie ]oi\cr for tlie interior 
With sufficient appioxiiiiation, these equations may be •\vntten 

a' — a. — - (a' — a) 

30 

= 6 ± L (S' — S) 

30 

The exteiior contacts last about 21 minutes on the eaith’s siiitace, and the mte- 
1101 contacts about 25 minutes The quantities a' and d' vaiy so slowly that they may 
be comjmted foi the middle of the duiation of each contact on the eaith’s suiface, and 
then supposed constant foi this duiation In this way the following values have been 
obtained 
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’Idle investigation to be made is conveniently divided into two problems 


Problem I — To find the point of tlie emtli's suiface at which contact takes place at a 

(jiven time and at a given altitude 

Let 

GO — the longitude of the lequiied point west fioiii the tirst meiidian , 
q> — its latitude , 

p zztlie sideieal time at the fiist meiidian , 
h zr the given altitude , 

9 — the paiallactic angle at tlie point of contact , 

p — a' — GO — the hour-angle of the point of contact 


The geneial foi inula} of spheiical tiigonometry, applied to the tiiangle formed by 
the zenith, the pole, and the point of contact, give these equations 

cos cp sin ■=. cos h sin 6 
cos cos S-’ — cos dl sm h — sin d' cos h cos 9 
sin q} — sin cT sin h cos d' cos h cos 9 

As soon as 9 is known, these tliiee equations, together until the equation, 

CO — p — a' — — p\ — $■' 

give the position ol the required point To obtain 9, lesoit must be had to the equa- 
’tion defining the condition of contact, viz 

(l-i^fzz (c —nf+(g — g)- 

— q- ^2 _ 2(x^ 4- gg) + p-* — 
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then, 


In place of .v and // make the usual substitutions, 

X — m sin M 
y — m cos M 


4 sill il. 


U+rj cos M- 

2 m 


<?- 


Ihe iiumeiical value ot each, member of this ecpiation is always less than unitv, 
and it will be determined, to a suflScient deg-ree of precision, with four decimals, dd'ie 
age value of the denominator 0_))l isj Rn • in J.. ! i. ...m f. 


.x.. X. n xix ucnciiuinuu, LU u Humcieni; ciegTee ot i^reciBioii, witli tour (leciina ls. 11 le 
average value of the denominator 2 )w, is about 8o; hence in tlie numerator it Avill lx* 
sufficiently accurate ^to putp^-i, and 2 U^ = 2 ,m^, and neglect the term - /Vf- : 
and if terms multiplied by i and c® are neglected, it is iilain that (? zz sin //. ”” 

simplified, the equation becomes. 


'I’lnis 


S sin M + y cos 31= ^ 

2 m 


■ + i sin h, i- . sin '' // 

2/M 


The right-hand iiieiiiber of this equation is a known quantity, and it only remains 
0 dLscover the expressions of 4' and y in terms of d to have the equation determinino- 0. 
Ili6 iviiowii cxpressioiiB lor c; and 7 ] are, 

zzi p cos (p^ sill S' 

r/=p cos (1 sin cp' -p sin d cos q>' cos 5 
But if terms of the order of cd are neglecited. 


p cos cp' 


cos cp 


p sin cp' — 


(i — d") sin cp 


■ «, re 


3- b}' its value 3' -j- v, and making cos v 


Putting V — d 

V IS a very small angle, the above expressions liecome 

P 4 — cos cp sin S-' -f- sin v cos cp cos S' 

— 0 Cos d Sill CD — sin cl CA <4 rrt riiic, t * *7 

^ ^ COS -f- sm V sin d cos cp sin S' 

In these equations substitute for cos cp sin cos ^ i • 

term* of 0, which have l.ec given ahovi" thk ’ ’’’ 

Pf = CO* 7, sin e _ V sin ,1 c„s cos 9 + si„ v co.s t sin 7, 

PV rr 8111 V sin d cos li sin 0 + [cos [d! _ d) - cd- cos d! oc. .n . / 

■^r^m Ici' n\ » • / ^ " cos d] cos //. cos 0 

-p [Mil (d — d) — cr sm d' cos d] sin li 

But since d' and d are vervncarlv eoTinl +1,*- i j. 

„ call} equal, tlie last equation may be written 

Pd = sin V sin d' cos Ji sin 0 - 4 - 1 1 _ ^2 n 

, r V « ,, T ^ cos 0 

-f [sm (jl — d) — sin 2 d'] sin li 


Put IlOU 


1 


O 

ft 


MU — sill hiu (!' K' Mil )c' — sill {(I' — (I) — Ic" sill 2ll' 

K ~ \ — r" t ()s“ (C A ' (‘US — sm v cos d' 

Hr; f]U<iiititR‘.s A', jc, A', .iiid it! will lie si'iisibly (oiistciiil lui the duuition ot each ouii- 
taet <m the eiutli’s surhiee d’heii 


pd — cos h sin 0 — sin k eos h cos 0 -j- A'' cos h' sin h 
pp — sin ■)( cos h sin d + K cos h cos 0 + 1\' sin n' sin h 


Sinc(* ;c is MM V sinnll niid A'n(‘<ul\ nnitv, theic u'siilts tioni these c(|uations, 

p [<': sin J/ -|- // cos 71/] rr sin -{■ u) cos A sin 0 -j- A'eos (7i/-|- •"■) cos li cos 0 

h' sin (/!/+ 


In the nest pl<ne make 

L sill (jl/ 4- A) — sill (71/ + «) 

L cos (71/ -j- A) — K cos (71/ + ic) 

from winch ni.u he deiived the snhii imith .ijijnoMnnite vnlties, 

Ij — i — cos ■ d' ( os ’ 71/ 

A = COS' d' sni 2.1/ + V sin d' 


from wliK li it aiipe.iis that, since J/ does not \ai> mneli, A .ind A me sensibly constant 
i’or th(‘ (hiiiition ol eiuli contact on the (Midi’s sin lace dlien puttinji 

;/ = d/ + A 

p Id sin .1/ + V cos 71/ ] rr A cos h cos {0 — y) -|- K' sin (A/ + ;/) sm h 


.aih,ditutm,f; for d sin 71/ + P cos 7)/, its value, 

Hi ' / *4“ 1- I / 1 • ’ / 

- ' - + / sin k — sni h 

2)11 

and in. I kill” 

A 1 

2 Li)t 


211 ), 


,, i — A" sm (d/ 4 - ’(') 




2 A j/i 


and reniemheimg that p and unity iii.iy he consideied ecpial when multiplying a small 
tenn, the final eciuation for detenmning 0 is - 

cos (0 — y) = p sec Ji [J 4- A sm J) 4 - C sii4 7/] 
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lliiN eijiiariuij poN^e&see. tlie advaiifcaoe of having its toiins sopaiatcd into 
one ot iiliicli depends on the time only, and the other on the altitude only dduis, in 
computing the positions, of a seiies of fioints on a ciiive of the finst class', the (jinuiti- 
tios J, B C\ and y, since they aie functions of the time onl)^, lemaiii constant // iiifn 
be legal ded as sensibly constant for the duiation of each cont.ict on the eaith’s Mir- 
tace, and C is neaily so A, C, and y aie tabulated at intenals ot a, nimiito for 
the duiation ot each contact on the earth’s suiface 

The light-hand inembei ot the above equation contains the unknou'ii hictoi p- in 
a hist apinoximatiou this -uill be put equal to unitv, and the value of 0 thus olitnined 
substituted in tlie equation, 

sin cp — sill sill h -f cos 0! cos li cos 9 
Then a sufficiently accuiate value ot p is given by the equation, 

P =: I — } sin® p 

Hoiveiei, as tour-place logaiithins aie amply sufficient toi all these conMuitations mil 

COs (0 — i 

Tk,» cou,Ut.„u „i cunutt takmg place at umxmmm aktu.le ,« 

COS 7i = A=p [A A- B sin h -f (J snr h] 

but »mce mu»t be inthefiiot qtuujLtntirmu'bcf ' i.i mu /, ,■ 

lout applicable to the pioblem It a, renblv -uK fZ ’ So.tei.il, to have but one 
kM tulue of /, may be dei.ved fiom P’l” -“-“■>»>« 1 
Mgii liae place, the value of S is v or r + t So” ' T .f '“™S /“ ‘Iio upper cii loivcr 
tuo solutions of tlie pioblem become identical “ .iltitude, tho 

toiioZ'iiZrit rzzzrZtafenrn “z = °. 

...ntv Thus tlie equations. P .™y not oxcoo.l 


sue the nmes of fimt and last appeaiance of the 


contact on the surface of the eaith 
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111 tlie special case of contact on tlie lioiizoii, 7/ ~ o, the equation (leteniiiiiiiig 9 
takes the simple form, 

cos (/9 — y) — Ap 

and the equations determining' the position of each point i educe to 

cos (p hill — sin 9 
cos (p cos — — hill d.' cos 9 
sin q> — cos cf cos 9 
co — p\ — W 


It is woitliy of lemailc that the equation deteiniining 9 icmams the same if 7 ?, 
instead of being exactly zero, is a small positive oi negative angle , foi sec li uill be 
sensibly unity, and, J? and C being small, the teinis-J? sin li and C siii^ 7 / may be neg- 
lected Hence, in taking into account the effect of refiaction on tlie position of points, 
where contact takes place in tholionzon, 9 may still be deiived fiom the equation, 

<4 

cos {9 — y) — Ap 

but it Will be necessaiy to make 71 = — (the hoiizontal lefi action) in the equations 
detennimng <p and 3-' 

The paiticular case wheie li ~ 90 °, or contjict in the zenith, requires notice Here 
the equation deteiminiiig 0 i educes to 

A-\-B-\-G = o 

This determines the time at which the pheiionieiion takes place , and the equations for 
the position of the point reduce to 

<p — cl! 

Proruem II — To find the ])omt of the cmth's sm face at which contact talcs yflacc at a 
c/wen point on the sun's limb and at a c/wen altitude 


If the^ angle of position of the given point measuied fioni the noith point of the 
sun’s limb toward the east is denoted by Q, the fundamental eclipse-equations are 

(7 — «<?) sin <3 = T — 

(7 — i<?) cos Q — y — p 

In these equations sm h can be substituted for and x and y can, with sufficient 
approximation, be lepresented by the exiiressions. 


(7 r 

^=r. + '!lf 
y = Vo 
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it f 1-, coimted fiom au epoch iieai the middle of the duiatioii ol the coiilact on tlu^ 
earth’s surface Putting' nnw 


//o =: Wo (“OS J/o 


-l‘- = n sin N 
(ft 

iy cos.Y 
(ft 


ive have 


H — JHo -d/o — Q ~ ^ ^0 ^ ^ 

?; n vig cos Mg — (1 — ? Pin It) cos Q -\-oit cns i\ 

Fiom these equations aie derived the following, 

H cos N—rj sin N zi J»o sm {Mg — N) — {I — i sm Ji) sin {Q — JS ) 
nt—H sin Y+ 7 cos Y — mg cos (J/it — Y) + (/ — > sin It) (*os ((f — j\ ) 

The values of H and rj found in the fost pioLlem must lx* siihstitiih'd in these 
ecjuations The fiist membei of the fiist of these equations is ohtaineil simply 1 )_\ 
wilting Y+90° foi ill in the tiist nienihei of the coiresponding e(|uation of tlx* liist 
piohlem Hence making 

IJ — I — e" cos^ siir Y 

A' — — \(? cos® rf sin v sm (f 

v' = Y + A' + 90® 

these quantities are constant foi the duiation of each contact on the earth’s surfaci*, and 
theie IS obtained the equation 

p [5 cos M — 7/ sin N] — TJ cos li cos {0 — y') + ]\' cos (jV -f- sin h 
Consequently, if 

A' = sin (Mg - Y) - j,sin (Q - Y) 

X/ Jj 

B' =. l,sin (Mg - K) - cos (Y+ ;/') 

X 1 j 

wheie <3 has been put equal to J/o m the teim multiplied liv q the {‘qnati<»n dett'V- 

inining 6 in this pioblem becomes 

« 

tos (0 - /) = p see li [A' + B' sin h] 

The equation giving the value of ni is only needed for the pin pose* of obtaining 
m'u which It IS necessaiy to have in older to get co fiom Tn this it will lx* sutlicu*ntl\ 
accurate to put for ^ and 77 then approximate values, 

S =. cos Ji sin 6 
77 =: cos Ji sin 6 

and neglect the term multiplied by «, then, 

nf = cos Ji cos (6 — Y) — cos (Mg — A") -{- / cos (Q — Y ) 
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If denote the value of fx\ at the epoeli from whicli t is counted, fx' the motion 
ot n\ in a unit of time, and 


A!' = //o - cos (Ifo - AO + (<3 - 

the expre^Mon for /d, is 

ix\ z=.A!'-{-~ cos li cos {d — A'') 

After d and ix\ liave been determined from the equations just given, the position 
of the point on the earth’s surface is found by means of the same equations as in the 
first problem Thus it appears that the solutions of the two problems are quite similar, 
the only differences being that the tenn con*esponding to C sin® li, in the factor of the 
equation "si Inch detenmnes 6 , is wanting, and that a sepaiate computation must be made 
for fx'i] and the remaiks to be made regarding the solution of the equation deteianin- 
ing 0, and the limits between which Q and li must be assumed, in order that solution 
may be possible, are quite similar to those made in the hist problem While B' and 
y' an* constant for the duration of each contact on the eaith’s surface, A! and A" 
ln\ olve the variable Q, and maj' be tabulated with Q as the argument within its lim- 
iting values 1^116 equation detei mining d gives two values for this quantity, correspond- 
ing to the two points on the eaith’s suiface, which satisfy the conditions of the problem, 
and p must be determined separately for each 

The condition of contact taking place at a given point on the sun’s limb, and at the 
maximum altitude, is 

cos /i 3 = db P \A' + B' sin /;] 

and the equations, 

A'p = db I 

give the hinitiiig values of Q In finding the points on the cuives of the second class, 
which aie common to the cuive of contact on the hoiizon, 6 is deiived from the 
ectuation, 

cos (6 — y') z=. A'p 

but li — — (the hoiizontal refiaction) in the equations vhich deteimine <p and In 
computing the value of p'l foi each of the two solutions of the problem, it will be 
noticed that, ivith sufficient approximation, the second tenn has the same numeiical 
value but opposite signs in the two solutions , and in the case of maximum altitude for 
a given value of Q, the equation becomes simply 


p'i = A 


// 


3 V — PT II 
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111 this case, also, it will be advantageous to (*ompute four auxiliaiy quantities 
from the equations, 

}) cos £ cos cl‘ ]>' sin zr sin <!' 

jj sin £ n sin d' cos 0 p' cos s' = cos d' cos Q' 

bv means of which the equations determining- (p and 5 ' take the form, 

cos sin — cos h sin 9 
cos qi cos —p sin {h — s) 
sin q)~p' cos (Ji — s) 

ks 6>is constant in this case, £, s', are so likewise, provided that after the point 
of maximum altitude has passed the zenith, 7i be supposed to increase from 90® to i So”, 
or, in other words, that 1 80° — h be used instead of h. 

VALUES OF THE QUANTITIES EMPLOYED. 

Denoting the four contacts in their order by the spnbols I, II, III, and IV, the 
values of the various quantities employed in the foregoing discussion are : 



I. 

II. 

HI. 

1\^ 

Epoch from which t is counted . 

40”' 

gh iQin 

12*^ 

13** igui 

' 'i’ 

■+■ IS' 

4- 16' 

• - 6' 

— - 8' 

log Z' 

T.glS? 

7.915S 

7.9359 

7 . 94 1 7 


54“ 20' 

53 ° 33' 

ioo""‘ 46' 

104''^ 14' 

log Z 

q.qqSq 

9-9986 

9.9977 

9.9977 


d- 3 ' 

-H 4 ’ 

3 

— r' 

\ log £ . . . , . . 

n 7. 18S0 

7.2228 

■ « 7-3475 

// 7.341 1 

! iT . . 

284° 50' 30". 5 

284° 48' 49".5 

284'’ 36' 36". 5 

2S4" 34' 55’'.6 

\ L ‘ . . 

9-9977 

9.9977 

9-9977 

9.9977 


■“ 2* 

— l' 

+ 7 ' 

4.. ,S' 

. . . 

+ 34.02S9 

+ 34-C1S7 

4 - 34 .o,tS 8 

+ 34.0290 

log[-f.] ....... 

1 1 . 616412 

n 1.587591 

'^1.587600 

1 .616423 


14° 49' 

14° 48' 

14“ 44' 

14” 43' 

log Z’ 

7 -3783 

7.3517 

7.3349 

H 7.3605 

//0~-^cos(i/3-2v) . . . ; 

iC6° 23' 

i66° 26' 

! 

166“ 43' 

1G6® 45' 

log in minutes of J 

3-5657 

3 - 5369 

3.5368 

3-5656 






log K in minutes of arc . , 

1.9516 

1.9516 

1.9515 

1-9515 

\ ^Ogp ■ . _ 

9.9978 

9.997S 

9,9979 

9-9979 

1 ^ • 

21” 57’ 

21“ 56' 

- 21^ 54' 

- 21“ 54' 

log • 

9.9876 

9,9876 

9.9877 

g.9877 

M' • • • . ’ 

— 156° 40' 

~ 156° 41' 

- 23“ 15' 

- 23° 15' 
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The quantities which vary with the time and with Q are given in the following 


tables 


I — Fot Etieiioi Contact at Ingress 


Wash M T 

A 

log r 


/A i 

1 

Wa^h M T 

A 

log C 

j 


!> 1 

h 

ni 



n f 1 

1 

0 , 1 

h m 





0 

8 

2Q 

+i 0331) 

» S 07b2 

51 29 ' 

I2S 56 1 

S 40 

-0 0313 

HO 0064 

49 

25 

I3I 41 


30 

0 0360 

0762 

51 i 3 

I 29 I I I 

4 T 

0 1263 

0874 

49 

13 

I3I 56 


31 

0 S3S3 

0772 

51 7 

129 26 

42 

0 2220 

0SS4 

49 

I 

132 II 


j 2 

0 740S 

07S2 

dO 36 

I 2 g 41 

43 

0 3170 

0094 

48 

50 

132 27 


33 

0 6435 

0703 

50 44 

129 56 

4 + 

0 4117 

OQO4 

4S 

3 S 

132 42 


34 

0 5464 

0S03 

50 33 

130 II 

45 

0 5061 

0914 

, 4 S 

26 

i 132 57 


3d 

0 4495 

US13 

50 22 1 

T 30 26 1 

40 

0 6003 

0924 

-18 

M 

133 12 



0 3'529 

0823 

50 11 , 

130 41 

47 

0 6942 

0934 

43 

2 

133 27 


37 

0 2565 

o33j 

49 89 

130 

1 . 

4^5 

0 7873 

0943 

47 

50 

133 42 


38 ! 

0 1603 

0844 

49 48 

131 ir 

. 49 

0 38 ii 

0053 

47 

38 

133 57 


1 

39 

-ho 0644 

o 8 s 4 

19 3 <'> 

I , i 26 

'' 50 

0 9 / 12 

(Kjb3 

47 

26 

1 13+ 12 

S 

40 

—0 0313 

?/S 0864 

19 2 S 

1 _ 

131 IT ! 

' 8 51 

— I 0670 

hR 0073 

17 

1 1 

1 131 27 


rj 

A' 

A" 

1 

Q 


1 

A’' i 

/ 


0 f 

1 ® ' 


» ' ! 

46 50 

— I 0360 

133 54 

48 30 

- 0 3S41 

132 26 

47 0 

0 9721 

133 45 

' 40 

0 3173 

132 17 

10 

0 9079 

133 36 

1 SO 

0 2502 

132 8 

20 

0 8435 

133 27 

49 0 

0 1828 

X31 59 

30 

0 7788 

133 19 

1 10 

0 1152 

131 51 

40 

0 7138 

133 10 

' 20 

- 0 0472 

131 42 

50 

0 64S4 

1 133 I 

: 30 

-h 0 0211 

13X 33 1 

1 

40 0 

0 5S27 

1 132 52 

1 40 

0 0897 

131 24 1 

TO 

0 516S 

' 132 43 

50 

0 1585 

131 15 

20 

0 1506 

132 35 

50 0 

0 227C 

131 7 1 

48 30 

~ 0 3841 

1 132 26 

5r» 10 

-h 0 2969^ 

130 58 ,1 


50 


51 


51 


10 

20 

30 

40 

50 

O 

10 

20 

3 ^ 

40 

50 


-t- o 2969 
0 3666 
o 4366 
o 5069 
O 5774 
o 64S2 
o 7193 
o 7907 
o 8624 

0 C )343 

1 006 s 


J" 


130 58 
130 49 

130 40 

130 31 
130 23 
130 14 
130 5 
129 56 
129 47 
129 39 
129 30 



20 


II . — For Interior Contact at Ingress. 


Wash.M.T. 

A 

log 0 

7 

i'-i 

Wash. M. T, 

A- 

log C 


F'i 

h. m, 



0 / 

0 , 

li. m. 



0 / 

0 , 

8 57 

+ 1.0501 

]) 8 . 1034 

46 I 

135 57 

9 10 

-0.0238 

8.1155 

43 13 

139 13 

58 

0.9651 

.1044 

45 48 

136 12 

II 

ono37 

.1164 

43 0 

139 2S 

59 

0.S807 

.1053 

45 36 

136 27 

X2 

0. 1832 

•1173 

42 47 

139 43 

9 0 

0. 7967 

. 1063 

45 23 

136 42 

13 

0.2623 

. iiSi 

42 33 

139 58 

I 

0.7130 

. 1072 

45 10 

136 57 

14 

0.3410 

.1190 

42 20 

140 13 

2 

0.6296 

. loSi 

44 57 

137 12 

15 

0.4193 

.1199 

42 7 

140 2$ 

3 

0.5466 

. logi 

44 45 

137 27 

16 

0. 4972 

. 1208 

41 53 

140 43 

4 

0.4640 

.1100 

44 32 

137 42 

X7 

0.5746 

. 12x7 

41 39 

140 58 

5 

0.3817 

. nog 

4-4 19 

1 J37 57 

iS 

0.6515 

.1225 

41 26 

141 13 

6 

0.2998 

. 1118 

44 6 

13S 12 

It) 

0.7280 

.1234 

41 12 

I4I 28 

7 

0.2183 

. 1127 

43 53 

138 2S 

20 

0.S040 

•1243 

40 5S 

141 43 

8 

0.1372 

' .1137 

43 39 

138 43 

21 

0,8795 

.1251 

40 44 

141 58 

9 

,^+0.0565 

. 1146 

43 26 

13S 58 

22 : 

0,9546 

.1260 

40 30 

142 13 

9 10 

—0.0238 

8.1155 

43 13 

139 13 

9 23 

— 1.0292 

8.1268 

40 17 

142 2S 


Q 


. 4 " 

Q 

A' 

A" 

Q 

A' 

A" 

c , 


0 , 

> 


0 / 

0 , 


c / 

39 50 

— I. 0401 

142 10 

42 0 

- 0.3965 

140 13 

44 10 

0.2964 

138 19 

0 

0 

0.9924 

142 I 

10 

0.3449 

140 4 

20 

0.3517 

13S 10 

10 

0.9444 

141 52 

20 

0.2930 

X39 55 

30 

0.4073 

138 2 

20 

O.S96I 

14 1 43 

30 

0 . 2409 

X39 47 

40 

.0.4632 

X37 53 

30 

0.8474 

T41 34 

40 

0.1885 

139 38 

50 

0.5x94 

X37 44 

40 

0.7985 

241 25 

50 

0.135S 

139 29 

45 0 

0.5758 

137 35 

50 

0.7493 

141 16 I 

43 0 

0.0827 

139 20 

10 

0.6325 

137 26 

41 0 

0.6997 

141 7 1 

10 

— o*.0294 

139 IX 

20 

0.6895 

137 iS 

10 

0 . 6499 

140 58 

20 

-h 0.0242 

X39 3 

30 

0. 74G8 

137 9 

20 

0.5998 

140 49 

30 

0.0781 

13S 54 

40 

0. 8044 

137 I 

30 

0.5494 

140 40 

40 

0. 1322 

13S 45 

■ 50 

0. 8623 

136 52 

40 

0.4987 

140 31 

50 

0.1866 

138 37 

46 0 

0.9204 

136 44 

50 

0.4477 

140 22 

44 0 

0.2414 

138 28 

10 

0.9788 

X36 35 

42 0 

- 0.3965 

140 13 

44 xo 

H- 0.2964 

138 19 

46 20 

-f- 1.0375 

1,36 27 
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III — For Interior Contact at Fg) e^s 


II 


— lo 30 

40 

50 

o 
TO 
20 
30 
40 
50 

O 
10 
20 
30 

— 12 40 


12 


J' 


I 0148 
o 9669 
o 9187 
o 8702 
o 8215 
o 7724 
o 7230 
o 6733 
o 6233 

c 5731 

o 5226 
o 4717 
0 4205 
o 3690 


A' 


191 4 

IQI 13 
191 22 
191 31 

1 9 1 40 

igi 49 

191 58 

192 7 
192 16 
192 25 
192 34 
■f 92 43 

192 51 

193 o 


12 40 

50 

13 o 

10 

20 

30 

40 

50 

o 
10 
20 
30 
40 

14 50 


14 


A' 


— o 3690 

o 3173 

O 2653 
o 2131 
o 1605 
o 1076 

O 0545 

— o 0610 
4- o 0528 

o 10C9 
o 1612 
o 2158 
o 2706 
I- o 325S 


( ' 


193 o 
193 9 
193 iS 

193 27 

193 36 

193 44 

193 53 

194 2 

194 II 
194 20 
194 29 
194 37 
194 46 
T94 55 


14 

35 


16 


50 

* + 0 325S 

194 55 

0 

0 3813 

195 4 

10 

0 4371 

195 13 

20 

0 4931 

195 21 

30 1 

Cl 5494 

195 30 

40 i 

0 6059 

195 39 

50 

0 6628 

195 47 

0 

0 7200 

195 56 

10 

0 7775 

ig6 5 

20 

0 83^3 

196 13 

30 

0 8933 

196 22 

40 

0 9515 

iq6 30 

50 

, + I 0101 

ig6 39 


Wash M T 

J 

log 0 

/ 

l >'\ 

Wa.h JM T 

A 

log C 

/ 


h m 



n / 

0 / 

h m 



0 / 

0 / 

12 35 

— I 018S 

n 8 1276 

-10 53 

190 41 

12 48 

—0 0100 

n 8 1162 

-13 50 

193 57 

36 

0 9440 

126S 

II 7 

190 50 

49 

+ 0 0706 

1153 

14 3 

194 12 

37 

0 8687 

1259 

II 21 

I9I II 

50 

0 1515 

11-14 

14 16 

194 27 

33 

0 7929 

1251 

II 34 

191 26 

51 

0 2329 

1135 

14 29 

194 42 

39 

0 7166 

1242 

II 4 $ 

I9I 41 

52 

0 3147 

1126 

14 42 

194 57 

40 

0 6309 

1233 

12 2 

I9I 50 

53 

0 396S 

1116 

14 55 

195 12 

41 

0 5627 

1224 

12 16 

192 II 

54 

0 4793 

1107 

15 s 

195 27 

42 

0 4850 

1216 

12 29 

192 26 

5 =^ 

0 5622 

109S 

15 21 

195 42 

43 

0 4069 

1207 

12 43 

192 41 

56 

0 6454 , 

10S9 

15 34 

195 57 

44 

0 3284 

1198 

12 56 

192 56 

57 

0 7290 

1079 

15 46 

196 12 

45 

0 2494 

11S9 

13 9 

193 II 

53 

0 S129 

1070 

15 59 

196 27 

46 

0 1700 

1180 

13 23 

193 27 

12 59 

0 S972 

1060 

16 II 

196 42 

47 

0 0902 

1171 

13 36 

103 42 

13 0 

0 9819 

1051 

16 24 

196 57 

12 48 

—0 oroo 

« 8 1162 

-13 50 

193 57 

13 I 

+ i 0669 

n 8 1041 

— 16 36 

197 12 


.i" 
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lY, — P0f. Exterior Contact at Egress. 


AY ash. 

lu.T. 

A : 

logC ' 

; 


// 

i 

Wash. 

ii 

M.T. 


A 


log C 


■ 

// 1 


h. 

m. 



C 


0 

> 

■ ll. 

m. 
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7 

— 1.0536 
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-17 

43 
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43 

■| 15 

1 3 


- 

- 0.0144 

u 3 .0S7 

4 

; — ^9 50 

20 1 

29 i 


5 
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.0974 : 

iS 

I 
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5S 


19 


4-0.0817 

,0064 
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20 1 

44 


9 

O.S67I 

. 0964 j 

iS 

13 
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13 


20 



0. 17S0 

.0054 

: 20 22 
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5 ‘] 


10 

0-7735 

• 0954 

1 3 

25 
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23 
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0.2745 

.0S44 

i 20 33 

202 

14 ! 


II 

0.6795 

. .0944 

iS. 

37 
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44 


22 



0.3713 

.0S34 

’ 20 45 

2t::i2 

2;) 1 


12 
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t 3 

49 
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59 
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T 3 
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17 
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2 
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13 
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59 
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13 

29 
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2 
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BEGINNING, ETC , OF EACH CONTACT 

Fiom the foregoing data ai’e leadily deiived the tinie«i, and position ot tlie places, 
at which the following phenomena occni 
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S 
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APPROXIMATION OF THE CURVES TO CIRCLES 

The curves to he diawn on the chaits approximate so closely to circles of the 
sphere that it has been deemed sufficient to compute the positions of tlmee points on 
each cuive, namely, the two at which contact occurs on the horizon, and the one foi 
which the altitude is a maximum, and then i eg aid the curve as a circle of the spheie 
passing through these points, and, as the steieogiaphic projection has been chosen for 
the delineation of the charts, the projected cuives vill also be ciicdes 

But it will be of interest to detennnie befoieliand how gieat an eiioi can be pio- 
duced by this assumption And first, in the case of the timo-cui'ves, let a be the radius 
of the ciicle of the sphere passing through the three points, and adojit the subscripts 
(o), (i), (2), (3), for the quantities which i-efer re.3j)ectively to the pole of this circle, 
the points of contact on the horizon, and the point of maximum altitude Then a and 
the position of the pole of this circle are determined by the equations, 

sm sin cp^ -J- cos cos cos — S-'o) 2= cos a 
sm sin cp^ + cos cpj cos q>Q cos (S-'g — ^'0) = cos g 
• sin 9)3 sin 9)0 + cos cps cos p>o cos — 5 'o) = cos g 
or, if for the moment we vuTte, in general, 

X ~ cos g> sm 
y z=. cos (p cos Sr' 
s ~ sill q> 

by tlie equations, 

'll ifl + Z/i 2/0 - 1 - -’'i ^0 “ cos G 
'i’s ■i'o + 2/2 2/0 -|- ~2 -^0 = cos G 
iTo + 2/32/0 + = cos G 
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It will be sufficient to assume here that the ciicle wlxicli passes through the point of 
maximum altitude and the two points for which h — — (the hoiizontal refraction) will 
als.0 pass tluough the two points for which 7 i rr o Consequently, we shall suppose* 
that /q = o and lu — o But, from the foregoing investigation. 


.1, — sin 6, 

7/, — — sin (V cos 62 
— cos d' cos 03 


'll = sm a 2 
1/1 =r — sin d' cos 
— cos d' cos 01 
Xi — cos sin 0, 

1/1 = cos d' sin /is — sin d' cos /is cos 03 
^'s n: sm d' sm /13 + cos d' cos /q cos 9^ 

and if two unknowns, v and t, aie taken so that 

a-Q z: sin v 

1/0 = — sin (d' — t) cos V 
So = cos (d' — t) cos V 

the equations determining a, v, and r are 

sm 01 sm V -j- cos 0 i cos v cos t — cos O’ 
* sm 02 sm V -f cos 0^ cos v cos r z: cos ff 

cos /13 sm 03 sm v -f- cos /I3 cos 03 cos v cos r sm /q cos v sin r rz ens a 

horn which aie deiived 

_ sm i (00 4 - 0*1) 

sec o sm u zz — - 

cos i (02 — 0 i) 

sec o cos V cos r zz | + ^i) 

cos^(02-0i) 

sec o cos V sm r — — F i — cos lu ‘ 1 (^a_ 4 ~ ^1 ~ 20 ;) "1 
sm /i3 1_ cos I (02 — 0i) J 

But since 0i and 03 aie given by the equations, 

cos (01 - y) = 4 pi zz ^ (i — ^ cos® d' cos® 0 i) 

cos (02 — y) — Api zz ^ (i — - cos® d' cos® 0o) 

wheie 02 — y is neaily 360° — 01 + 7) shall have 

f” -j- 01 ”1 Q — Q 

cos I ^ y COS^ ' 

r -1. 0 -| 

2 — — 7 = + \A^^ cos® d‘ sin ay 


'=±4'-v 


cos® d' (+® cos ay + sm® 


o] 


sm 
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As foi tlie ambiguous signs, they aie deteimined by tlic* following conditions Let 
it be agreed that the position of the pole, foi which g is le^h than 90°, is to be found 
And as the equations ought not to lie changed uheu the siib.-.cnpts (i) and (2) aie 
inteichanged, let 


be so taken that y? i& in the hi.it c^uadiaiit, and let 


“f-^1 

O 


be taken in that quadiant Mdiuh makes — <9, a small jiositive, 01 lu-gatn e, angle, 

then 

Yi) — y — j, .l~r' (■(is‘“ c/' sin 2y 

when J is positive, and this expiossion aiignioiited b^ i So''', u lien 1 is negative, 
and 

cos /? ~ J:; jJ j~ 1 — cos" d' (.1 ’ cos ’)/ |-sm'y) 

the ambiguous sign to be so taken tli.il cos /f nniy he positive Llio (piantitv 
/&„ -f (9, \ 

cos( — — <^3 j differs from unity by a cjiiantity ol the oidei of c', vvLieli inny lie 

neglected Moi cover, />, and aie neaily equal '^riiiis, the equations detiu'iuiniiig g, r, 
and r take the simplei foi ms, 

sec G sin u 

cos /? 


sec G cos i> cos r — *^***' 

cos /? 

' h — B 

sec G cos u sni r " ’ — — 
cos fi 

Since — /? IS small, its square may be neglei'ted, and the ( q nations gne 

G~fi 
V zz Yn 

( os 

whence r is a small positive 01 negative angle '’I’lie position ot the jioh' ot the circle 
is then given by tlie equations, 

( os cpn cos b'„ " — cos y,, sin (d' — t) 

<-os cp„ sin n sin y„ 

sill cpn ~ ( os y,, < os (d' — t) 

f*ll, “ // J — it II 


4 v PT II 
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If the distance of any point on the time-ciuve from this pole be 
then o' -G may be taken as a sufficiently exact measuie of the enor 
oni method of di awing the cuive 


denoted by o' , 
committed by 


But 


cos o' — + z/i/o + ~~0 

X zz. cos h sin 9 

U — cos d' sin h — sm d' cos h cos 6 
^ — sin d' sin li + cos d' cos h cos 9 


whence 

cos o' = cos 1i sin 9 sin yo + cos h cos 9 cos yo cos r + sm U cos x„ sin r 

or, as C0& t may be put equal to unity, 

cos o' zz{lh — sm h + cos h cos (9 — yo) 

The quantity a' — is composed of two parts independent of each othei , the fiist 
depenchng on the cimvatuie of the cone enveloping the sun and Venus, and ]»iopoi- 
tional to the quantity we have denoted by G, the second duo to the non-sphoii(‘it\ of 
the earth and pioportional to e® These parts can then be determined sepaiately 
Fust, horn the equations, 

cos = S sin /i 3 + C sin® Jh) 

cos /? — -4 


is obtained, with sufficient exactness, 

— /? = =F (B -h C sin yS) 


But 


thus 


cos li cos (0 — Xo) =: ± (^ + -B sm /i + O' sm® h) 
cos <T = i -4 


cos o' — cos o — :^zG sin li (sm li — sin /?) 

Secondly, fiom the equations, 

cos hi — ± -IPs = ± -I I — j (sm d' sm /? ± cos d' cos cos yf J 

cos 13 — A j^i — ie® cos® d'(rt® cos 27 -f- sm® y) J 
we find that the part of Ih — proportional to e® is 

h, — fizz- A coh fi flin® d' mu fi ± sin 2d' cos fi cos y - cos® d' sm fi sin® y J 
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Also 


cos li cos (9 — ;/„) zz rt A p ^ cos® d' sin ly cos® fB cos li sm {d — ;/) 


= dzA 


o 

2 


(sm d' sm h -f cos d' cos h cos 


6f 


^ — cos® d' sill 2y cos® /? ,\J (sm® p — sm® h) 

cos h cos 6 ~A cos y — s^/ (sm® /? — siir h') sm y 

wheietlie sign of sm {d —y) must lie attiibuted to tlio ladical ,\/(sin®/? — sm®//) 
Aftei some i eductions it will be found that 

cos a' — cos <7 — — (sin® d' — cos® d' sm® y') cos /? sm h (sin p — sin //) 


d — sm id' sm y cos P sin h sj (sin® P — sin® //) 

2 

Uniting to this the teiui piopoitional to C, we have tlie complete value 


cos o' — cos o 


= ^ (sm® d' — cos® d' sm® ;k) cos /? (7 J (sin p — sm h) sin h 

2 

+ ^ sm ad'sm y cos P sin h ,sj (sin® yff — sin® 7 /) 


It will be seen that this expiossion vanishes when 7 / =0 and when h — /?, as it should 
Differentiating this expiession with respect to the vaiiable sm 7 /, m oidei to obtain its 
maximum value, we aiiive at an erpiation of the foiuth degiee in sin 7 / Hence we aie 
obliged to content oui selves with a superioi limit to the maximum value, ivlnch, how- 
evei, foi jnactical purposes, may be regaided as identical Avith it Tfhe fiist teuri ot 
the expression has its maximum lalue when sin 7 / = | sin /?, and the second when 


sm 7 / — — \ — sin /? 

V2 


Hubstitutmg these values m then lespective teims, ive obtain 


o' — o — ^ (cos® d' sm® y rb 2 sm id' sm y — sin® d') sin iP s>iu p 


where the ambiguous signs, 111 both cases, must be so taken that the laigest numerical 
value of the oxpi ession will bo obtained Replacing e® and C by theii values, ami taking 
for the ffictoi which involves d' and y the greatest value it can have, it results that 
o' — a cannot exceed 


1 1' sin /? + 2' sm 2/? 

and the maximum value of this with I’egard to the variable p is less than 12' Having 



28 


regard to the scale on which the charts have been constructed, this quantity ma,y 1)0 
considered as within the unavoidable errors produced by imperfection of drawing. 

It is worthy of remark that, in om’ method of ch-awing the curves, the error is only 
a fourth part of that which results from neglecting filtogether the curvature of the 
cones enveloping the sun and the planet, as has generally been done in treatises on 
practical astronomy. 

The investig'ation of the error in the case of the second class of curves diftors 
somewhat from that of the first class, on account of /t'l not being constant for all points 
on the curve. The equations determining or and the position of the pole are 

sin <pi sin 9)0 + cos rpi cos 9>o cos (<s>i — cog) — cos o 

sin <p2 sin + cos 95.3 cos 9>o cos — co^) — cos o 

sin 9)3 sin (po -f cos 9)3 cos 9)0 cos (033 — ©o) ir cos g 

where 

coi — A!' — — sin ( 01 — y') — 
n 

— sin (0j — y''' — S-h 
n . , ~ 

If we put 

,9 rr ^ sin (01 — /) — ± ^ V (l — 

n n 


9 is a small angle, whose square may be neglected, and the equations, using the nota- 
tion given in the case of the first class of curves, take the shape, 


Put 


(•^■1 + 9!h) + (Ui — ff-h) 1J0 + fr i'o — cos a 

(*2 91/2) '^0 + {y-z “h ff-h) Ua + ■^0 = COS <7 

• 7'3 + yz yo + g? -’'o = cos G 

6'i =: 01 — y sin d' 

0'2 = 02-1-9 sin d! 


and, as r is here also a .small angle, making cos r — i, the equations, using the same 
notation as before, become 

sin 0'i sin v -f cos 0'i cos v — cos g 
sin 0^2 sin v -f cos 0^3 cos u = cos n 
cos 7?3 sin 03 sin v -j- cos 7 % cos 03 cos v -{- sin cos v sin t — cos g 
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Tliese are eutiiely bimiliirto the aualogoiisi equalioiia lor the fiist cLih^ of cuiveb 
Hence the opeiations heie being identical noth tlio.'ic of the foimei case, it mil bo 
necessary to note only the final lesiilts If 


7o = y' — j-l'r ( os' d' Mil 2y' 

when A' is positive, and this expiessioii aii<>iiiented by iSo'^ nlion.l' is negative, and 
cos /? = ± 1^ I — ^ COS' d' (A'~ cos 2/ + Mir ;/') J ± (i _ d' 

the upjDei 01 lowei signs being taken so as to lender cos /? positive, then 


<T = /3 

J. _ — /? 

<-os 


and the position of the 2>ole of the ciicle is given by the ccpiations, 

cos 9)0 sin $■'„ = sin ;/„ 
cos epa cos S'o = — cos y„ sin {d' — r) 
sin (pa = cos Xo cos (d' — r) 

= A" — 


To deteiiiiine the eiior of lejnesenting tins class of ciiives by cncles of the spheie, 

cos o' — sill <p sin tp^ -p cos cp cos (p^ cos (co — fOy) 

® = A" — ^ cos 7( sin {0 — y') — 

whence 

cos o' — 1 To + lyi/rt + cos h sin (0 — y'){jox^ — 

=: (//, — 0) sill li + cos h cos (0 — y,,) 

+ ^ /\/ (sill® jS — sin® It) j^cos 0 sin yo sin It + sin d! cos 1i sin (0 — J 

== Qh — 0) hin li + cos k cos (0 — yo) i sin d' (sin® /? — siir It) 

Ti/ 

rh ^ cos d' sin y' .\f (*^ 10 ^ 0 — sin® It ) 


■rx 11 
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where the upper or lower sign is taken according as A' is positive or negati^■e, and the 
sif*'!! of sill (S' — y'') is assigned to the radical 

(sill"* /? - sin- h) 


The part of cos o' — cos 


6 wliich involves the factor ^ will be found to be 

n 


Az — d' sin h (sin /? — sin //) 

It 

4; — cos it' sill y 'sin h v / (siir /? — siir h) 
n 

The part proportional to c' is obtained from the analogous expression in the ca so 
of fhe'first class of curves, simply by changing y into y' , and thus is 

^ - (siir iV — cos'- d' siir y') cos ^ sin li (sin ft — sin //) 


-f- — sin 2d.' sin y' cos ft sin li (siir ft — siir h) 


Combining these two parts, vn have 


cos o — cos o 


I (Sild d' - 


cos'- d' sin'- /') cos ft ± — sin d' (sin ft — sin If) sin h 


' (sii 


2 / 

+ — sin 2(1' sin y' cos /? Az - *‘OS d' sin y' sin h ,\/ (sin'" ft — sin - 1 /) 

Deriving a superior limit to the maximum value of o' — o by the same method as 
ill the former case, it is found to be, with regard to the variable li, 

o' — o zz — ^ (sild d' Az 2 sill 2(1' sin y' — cos® d' sin® ;/() sin 2ft 


dh ^ (sin iT ± 2 cos d' sin y') sin ft 

where the ambiguous signs must be taken so as to make the numerical value of the 
expression the largest. On substituting the numerical values of d' and y', it ivill lie 
seen that the term propoihional to e® has - no appreciable etfect in aiignientiug the inaxi- 
nmm value of o' — it, which is found to be i8'. 

POSITIONS OF POINTS OF THE CURVES. 

The positions of the points needed for di-awing the curves are given beloiv : for 
the two points on the horizon lizz — 35'; and for the point of maximum altitude, the 
value of this quantity is given in the last column. 
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II . — Interior Contact at Ingress. 
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i:XPLANATION OP THE CHARI'S ANH THEIR USE. 

These charts aie the development, by the steieogiaphic piojectioii, of a spheie 
one foot in diameter The center of each chart is in latitude 22° 54' south, and the 
border is at the distance of :oo° from this zenith The charts are so placed in longi- 
tude that the illuminated hemispheie, at tlie time of contact, may occupy the cential 
portion of the chart The longitudes, which are noted along the eqrratoi, are counted 
Avesterly from the meridian of Wasliington , and, to avoid the inconvenience of 1 epeat- 
ing the same figures as eastern longitudes, which might give rise to piovoking errors 
in the use of tlieso charts, the numeration lias boon carried beyond 180° up to 360° 
The latitudes are noted along the middle meiidian The smaller islands of the Pacific 
and Indian Oceans have been indicated on the charts only in those regions wliicli are 
favorably situated for observations for deter niining the parallax , and no geogiaphical 
names have been placed on the charts, except the names of a few ])rincipal cities and 
towns and islands in the same regions 

As to the curves delineated on the cluuts, one will notice, fiist, the continuous lino 
in black limiting all tire other bioken lines, and on wliich is inscribed Contact on the 
horizon ” At all points on this line the phenomenon of contact, mentioned in the title 
of the chart, will take place in the horizon , that is, the point of contact common to the 
limbs of Venus and the sun will be in the horizon As stated above, the horizontal 
refraction has been allowed for in detennining the position ol this curve This cuitCj 
then, limits the part; of the earth’s surface in which the phenomenon is visible At all 
points on the emwe to the right of the middle meiichan of the chart, the sun will be 
setting at the time of the phenonieiion, and at all points to the left it will be rising 

At any station within this curve, the altitude of Venus and the sun will be appiox- 
imately equal to the arc of a great circle drawn fioni the station to meet the curve at 
light angles On each chart will bo found a “ Scale for altitudes ” If, ha\ing plotted 
any station on the chart, we measure, uith a pan of divideis, the shortest distance to 
the curve of “Contact on the horizon,” and then apply this distance to the scale, ive 
shall got the altitude of the point of contact, with an eiioi of not more than 01, in 
extiomo cases, an approximation sufficient for the purpose of estimating the extinction 
of light The scale is limited to 30°, as, beyond this point, the extinction of light is not 
of importance • 

The azimuth of the fiomtof contact, diffeiiiig but little tioin that of the sun’s centei, 
may be estimated from the chart by drawing a lino liom the station to the central point, 
of the chart, which lies on the middle meridian in latitude 22° 54’ south, and rneasui- 
ing the angle which this line makes Avith the meiidian of the station To avoid draAving 
this meiidian, Ave may take points in the same latitude on the two nearest meiidians, 
find the azimuth at each, and then, by interpolation, the azimuth at the station 

One Avill notice, next, the dotted lines m blue At all points, on each of those, the 
phenomenon of contact takes place at the same instant, the corresponding Washington 
mean time of which is noted at the right-hand extremity of the line It aviH bo noticed 
that there is an interval of one minute betAveen the times coiiospoiidmg to the first five 
and last five curves on the chart, but that elsewhere the interval is two minutes In 
addihon to these curves, the positions, situated on the cuia’-o of “Oonta(,t on the liui- 
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izon,” wlieie the phenomenon of contact makes its fiist and last appeai’ance on the 
earth’s surface, aie indicated, as aie also tlie tunes of their occiuience 

In the legion ciossed by the ciiives passing thiough the ceiitial pait of the fliart, 
wheie the inteivals between the successive ciiives aie iieaily equal, one will ha\e no 
difficulty in inteipolating between tlieni Having plotted the station on the eliait by 
its given longitude, counted west fioni ‘Washington, and its latitude, (‘onci‘i\e <i lint' to 
be diawii thiough it, peipendiculai to each of the adjacent curves, and, hnAung ascei- 
tained the piopoition of the paits into which the station divides this line, tuul the Imu' 
which divides the mteival between the times belonging to the adjacent (ni\(‘sin llu' 
same latio This mil be the Washington mean tune of the contact at tlu' sl.it ion 
Subtiacting fiom this the longitude west fiom Wasliington, conveited into tune, one 
will get the local mean time of contact It may be ivell to notice hcic tli.it in I<last(>i n 
Eiiiope, Asia, Afiica, Austiaha, and New Zealand, wheie tlie tune lias been .iniied at 
in going eastuaid fiom Euiope, the tiaiisit occuis, in civil time, on Decmnhei 9, Inil 
that in the Sandwicli and othei islands of the Pacitic, wheie the tune h.is been nun ed 
at in going westward £10111 America and Euiope, the transit occuis on Di'cenibei 8. 

Ill the legions near the points of fiist and last ajipeaiaiice of contact, niteiiiolniion 
between the cuives is more difficult, owing to the iiregulaiity of tlio intei \als A s.ilis- 
factory result, howevei, can be obtained fiom using the pinuiple tli.it the inteiN.il 
between the times, coiiesponding to two time-ciuves, is neatly pio[)ortion;il to the 
diffeience of the cosines of the maximum altitudes, at which contact occurs on ilii'si* 
cuives This is best illustiated by an examjile Let it be lequned to (ind tlie tinn* oi* 
mteiioi contact at egress, at Khiva, 111 the region east of the Caspian Sim On ndi-i- 
nng to chait No 3, the time is seen to lie between i2^‘ 59'" and 13'' o'" Fioin tlie 
tables given above, we find that the maximum altitudes at which contact occuis on lliese 
time-cuives are, lespectively, 26° 50' and 11° ^5' Interpolating between tlu'sc', as 
in the pieceding case, we shall find that the maximum altitude of the tinn'-cui ve ivhicli 
passes through Khiva is about 23° 8' Then the required time is given liy the follou - 
ing expression 

I z’’ 4- cQS 23° 8^ -cos 26° 50^ „ 

^ ~ cos 11° 45' — cos 26“^ 50' 

and this is 42’' 59'“ 19® When the station at which it is desiied to Imd the tune oI 
contact hes within the first 01 last tune-emve drawn on the qliait, the jioint of first 01 
last appearance of contact on die earth’s surface, with its associated time, taki's tin' 
place 111 the iiiteipolatioii of one of the time-curves The erior of the tune of contact, 
dem-ed 111 tliis way, ought not to exceed 5' However, for stations in tlie central ])oi ’ 
tioiis of the chart, it may sometimes be a httle more In tliis eiior w^o must, bo undei- 
stood as including only eiiors of diawing, plotting, and measming upon the chart, and 
not eiTois in the elements, on wHch the computations for the charts have been based, 
the effect of which may be veiy much laiger ’ 

One will notice, lastly, the dotted hues in led At all points, on each of thesi* 
contact occui-s at the same point on the sun’s limb The angle of position of this 
point, counted fiom the north point of the limb towaid the east, foi the two charts 
w c le ong to the ingi-ess, but toward the west for the two winch belong to the 
egi-ess, is noted at the left-hand extremity of each curve The interval between the 
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angles, conesponding to two adjacent cmves, is umfonnly 20' The angle of position 
of the point of contact, foi any station, can he found in pic< isely Ihe same manner as 
the time tiom the timo-cuives The gieatest and least angles of position of the point of 
contact winch occui on the ciiive of “Contact on the hoiizon” aie not noted on the 
chails As tliey may be needed in inteipolation, I gave them heie 
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TABLES AND EOKMnL.Ti I’OU COAUUmNO TIMES OE C‘f)NrVer 

As nioio accuialo values of the times of tont.ict maybe desiied than can be 
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19 

24 8355 

66 9189 

10 0509 

141 43 I 

20 

24 6730 

66 9619 

10 0079 

141 58 I 

21 

24 5104 

67 00 19 

9 0649 

142 13 I 

22 

24 3479 

67 0478 

9 9220 

143 28 I 

9 23 

+ 24 1853 

4- 67 0908 

~ 9 8790 

142 43 0 
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III — Intel 10} Contact at Egi ess 


Wash M T 

A 

B 

C 


h m 




0 

12 35 

— 7 0414 

-h 75 2908 

— I 6806 

190 37 0 

36 

7 2041 

75 3332 

I 6382 

190 52 0 

37 

7 366S 

75 3757 

I 5957 

191 7 0 

38 

7 5296 

75 4181 

I 5533 

191 22 0 

39 

7 6923 

75 4606 

I 5108 

T91 36 9 

10 

7 8550 

75 5030 

I 4684 

191 51 9 

41 

S 0177 

75 5454 

I 42 Go 

192 6 9 

42 

8 1804 

75 5879 

1 3S35 

192 21 8 

43 

8 3432 

75 O303 

I 3411 

1 92 36 8 

44 

8 5059 

75 672S 

I 29S6 

192 51 8 

45 

8 6686 

75 7152 

T 25G2 

193 6 7 

46 

8 8313 

75 757f) 

I 2138 

193 21 7 

47 

8 9941 

75 Sooo 

I 1714 

193 3(j 7 

48 

9 1568 

75 S425 

I T2S9 

193 51 f> 

19 

9 3196 

75 8S49 

1 08G5 

194 6 6 

50 

9 4823 

75 9273 

I 04^1 

194 2T 6 

51 

9 <J450 

75 9^^07 

I 0017 

194 36 0 

52 

9 8078 

76 0I2T 

0 9593 

194 51 5 

53 

9 9705 

76 0546 

0 916S 

195 6 5 

54 

10 1333 

76 0970 

0 87^ ( 

195 21 5 

55 

10 2960 

76 T30^ 

0 8320 

195 36 4 

56 

10 4587 

76 iSrS 

0 7896 

195 ST 4 

57 

10 C215 

76 2242 

0 7472 

196 0 4 

58 

10 7842 

76 2665 

0 70 [9 

196 21 3 

59 

10 9470 

l(i 3089 

0 6625 

196 36 3 

13 0 

II 1097 

76 3513 

0 6201 

196 51 3 

13 I 

— ir 2721 

+ 7^> 3937 

- 0 5777 

197 6 2 
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IV — ISxtc) to) Contact at 


Wash M T 

A 

B 

a 


h in 





13 7 

~ 12 2489 

4- 79 2SS9 

- 2 9945 

I9S 36 

8 

12 4117 

79 3313 

2 9221 

198 5T 

9 

12 5744 

70 3736 

2 S79S 

109 

10 

12 7372 

79 4160 

2 S374 

199 2T 

II 

12 9000 

79 4584 

2 7050 

199 35 

12 

13 0627 

79 5007 

2 7527 

190 50 

13 

13 2255 

79 5 ^3I 

2 7103 

200 5 

14 

13 3SS2 

79 5S54 

2 66S0 

200 20 

15 

13 5510 

79 tolS 

2 6256 

200 35 

16 

13 713S 

79 6701 

2 5S33 

200 50 

17 

13 8765 

79 7125 

2 5400 

201 5 

18 

14 0393 

79 7548 

2 4oS6 

201 20 

19 

14 2020 

79 7972 

2 45G3 

201 35 

20 

14 3O48 

79 8395 

2 4139 

201 50 

21 

14 527O 

79 8Sr8 

2 3716 

202 5 

22 

14 6903 

79 0242 

2 3292 

202 20 

23 

14 8531 

79 

2 2S69 

202 35 

24 

15 orsS 

So 00S9 

2 2415 

202 50 

25 

T5 17S6 

So 0512 

2 2022 

203 5 

26 

15 3414 

80 0935 

2 1599 

203 20 

27 

15 50^1 

So 135S 

2 1176 

35 

28 

15 6669 

So T7S2 

2 0752 

203 50 

T3 29 

— 15 8296 

H- So 2205 

~ 2 0329 

2‘n 5 


The other quantities needed foi the coinputalion may h(' titheii 1o be ( <»ns1.nii loi 
each contact, and have the following values 



log E 

log F 

I 

9 96323 

9 96562 

II 

9 96323 

9 96558 

III 

9 96311 

9 96546 

IV 

9 96307 

9 96546 


logo 


01 g 59G32 
oig 59629 
11 g 59697 
9 5971 S 


lotrTI 


01 g 5S290 
otg 58312 
-iig 583S2 
^*9 5S37Q 




■ 27 087 

■ 27 OQT 

■27 122 
• 27 127 


J! iiul (■' 

+ 7 177 
f 7 

-I- 7 07(1 
I- 7 057 


A', B‘, and O are respectively the vanations of A, B, and C m one sccmul •md 
aie expressed in units of the fourth decimal place 
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INTRODUCTORY NOTE. 


When the problem of utilizing* the observutions of occnltatioiis at tin; several Transit 
of Venus stations, so as to (letcrmine tlio longitudes of tlioso stations with all attainal)l6 
accuiacy, was presented to the Coininission on the Transit of Venus, it was found n(3ces- 
i ^ saiy to make a caieful deteriiiination of the errors of tlie lunar e[)liemeris before an 

entiiely satisfactory wsolutiou of the pro1)lcrn could be attcm|)tcd. The Secretary of i-he 
Comniissioii was tlierefore charged with this work, most of the computations on whi(di 
liave l.)ecn made under his direction by Mr. 1 ). T. Todd, computer for tlie Goinmission. 

Washington, May 25, 1876. 
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CORRECTIONS TO BE APPLIED TO HANSEN’S TABLES 

OF THE MOON 


§ I 

INVESTIGATION OF ERRORS OF LONGITUDE 

One of the most impoitant opcialioiis iit coniuM lion with the obseivatioiis of the 
transit of Venus is the accuuitc dcteiminatioii of Ihc longiiudcs of the stations Many 
of these stations aie so fat lemoved fioin telegmphic coniniiimcation that the longitudes 
must depend mainly on the moon Determinations of longitude fioni moon enlmina- 
tions aie found by experience to be subject to constant ciiors winch it is ditlicult to 
detenniiie and allow foi It was theiefoic a part ol the policy of the Ameiican Com- 
mission to depend on occultations latliei than upon moon culminations foi thodeteiini- 
iiatioii of longitudes The leasoii foi this coiiisc is, that the disappcaiance ol a stai 
behind the limb of the moon Is a sudden phenomenon, the time of which can alw.iys be 
fixed within a fiaction of a second If the ephemeiisot the moon and stai weic col- 
lect, and the disk of the foimei a pcifoct ciiclc, the longitude could he deteiiniiied 
fiom the occultation with the same dcgice of acciiiacy that the pheiionienon could be 
observed The cpicstion ailses, how fai these souicesof eiioi can bo diminished '^Die 
inequalities of the lunai suiface foim a souice of etioi which it is impossible to avoid, 
but which IS comparatively innocuous when many obsei valioiis aic made, since the 
eriois will be puiely accidental, and will thcrcfoie he eliminated tioin the mean ol il 
gieat number of obscivations 

The position of the star can be determined by meiidian observations with almost 
any requited degiee of acciiiacy We have, then, only to sec how lai the eiiois of the 
lunar cphcmei IS can he diminished, and to i educe Ihesc eiiois to a miiimniiii is the 
object of the present papci 

Hansen’s tables arc taken foi this puiposc, because theie is leason to behove that 
the perturbations on which these tables are founded aic, in the mam, cxtieinely 
accurate, moie accurate and complete, in fact, tlian any others which have been 
tabulated Still, before they can be used foi the purpose in question, a number of vety 
important corrections are requited, which we may divide into two classes, — coiieclious 
to the theory, and to the elements 

It IS well known that Hansen iiici cased all the iieiturhations of his tables by the 
constant factor 0.0001544, on account of a supposed want of coincidence between the 
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centei of figiue ami the center of giavity of tlic moon I liiuo bhowii that ll.ui.scii 
fails to sustain this position, ami that theie is no good leasoii to suppose lliat Iho moon 
diffeis flora any othei of the heavenly bodies m this lespeel Out liist ('ouis(‘ \\oiiId 
theiefoie be to diniiiiish all of iransen’s iiiequalitios by tins bidoi, weic d nol 1li.it ilicio 
aie leasons why each ofthe two gicatcst pcituibations of Ihe moon’s niolion, — llio ovcc- 

tioiiaiid the vai latioii, — should be found laigei fiom obsci valion Ilian be (oiind lliinii iioni 
tlieoiy 

Eoection The election has the eccontncity as a lacloi , Ihe lalne ol llieolhei 
factor being neaily 04 It, then, the adopted cccciitiicity of the moon be eiioiieoiiM, 
the computed evection will be eiioneous by foui-lcntbs the ainomit ol the eiioi No'i, 
by icfeience to Hansen’s ^^Dmlegung da tluweti'^chcn Beiechmiug dn m dm Moudta- 
feh angcicandten Stontngc>d'\ (page 173), itivillbcseon that the ei eenliieii^ mloplral 
thioughout 111 the computation of the peituibalions of the moon is less by o (1000(173 
than the value he finally found fiom obsei vat 1011, and adopti'd m Ihe l.ibles Had he 
Used the latter value, the theoictical election would have Imen gieulci by Ihe li.ndion 

0000073 rn. 

.0549008“°'°°°^^'^ ^ aetually used being o 0001544, Ihe eieelion, lliiis 111- 

cieased, is too huge by only 0000021 of its eiitiie ainouiil, 01 o" 00 HoiiseipienI !i 
the tabulai coefhciciit of election should be dnnmished by tins amoinil PieeiseU tin’ 
same lesult folloiis, ,f wc adopt Hansen’s view of a sepmalion ol tbe emil.ns ol l.gme 
and giaiityot the moon, and H.inseii hniisclt is led to it on page 175 ol iho ivoi k c iled 
only instead ot o"o9, he says, “kem lolles Zelmtheil cinei Secumh'” 

Im.ofw-Tkal the ooelhc.cnt ..f vanali,,,, los.ill.ng t„„„ 

wi be gieatei than tlio actual cocfbciciit may be miticiiialcl lium |l„. 

octaiUa Ti, the fi.st ecbnt, wo have a maaumm, The ohmgal,,,,. „1 ll„. |„„„ 

t^ suu ,a II, ei, about j'l a.al tbe obaccl ,,oa,t„>n ol ibe ,a ,„a,„ly „„ 

obsei vat, o„s of the fi,st l,mb made Ihodaytiaic.wlic,, the appiuoul semi-dia„„.|,., „| 

he moon t.ill be d„„.msl.e.l by the h„ll,a„ey of the sa,.ou„d,„g sky „ 

this il,m,uot,oii ol the appaieiit semi-dioiiietei being taken lu tl u iciliicl s Ihe 

firtuigr"’’ """ 

When the moon reaches the thud octant the valup nf mat 4. 

iTh whdeihra*'" obscrvtatura^nLadci'rUm^ 

the oo^^S t ZntZlir'r 

ascension will be loo small ' 's'''’ 

The same causes will make the observed no-lii 
octant, and loo small in the seventh These poaitiie and nr'\ the llllli 

light ascension coiiespond to the times of ill, ' “1 "’’““"“I 

1,1 mcieasing the longitude of the moon Therefo.e .1 !I’b'"'”''T ra'iafioii 

Of Science, Noiember, 1868 t>oieuoe, i868 -Sillimau’s Jomn a 

,abt.aa.™s» to ci„» a„ K„..,i,.a s„a.,„a.. a„ w,„., 


Band 


liscblltttiu 
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leiitly be laigei than the actual variation, whatcvci this may be This seems a much 
more natural and piobahle cause for the appaicnt excess of the obseived over the theoicti- 
cal peituibatious than that assigned by Hansen Hansen’s factoi only increases the coefh- 
cieiit in fpiestion by o” ^ut it seems piobahle that the vanation derived fioni obsei- 
vations alone would be yet larger than llansoii’s incieased vanation. In fact, in 1867, I 
found, by compaiing the eiioisof the luiiai ephemeiis wlien the moon culminated at 
ditlcrent times ol the <lay, th<tt the etfect of the gieatci iiiadiation at night was veiy 
stiongly niaikcd lluiing the toui years 1862—65 nieaneiiois ot tlie tables in 
light ascension at ditleient times of day weie as follows * 


6 . 

Before sunset — o 154 

Alter blight, daylight in the evening. — o 093 

Beloie blight daylight in the moining. . -f-o 091 
After simiise . . .. -|-o 153 


In the diireience hetwmm tlii' lesiilts (01 CiU h limb, the ellei t ot ineieased madia* 
turn seems to be o" 06 

The only lemainiiig term which is laige enough to he mateiinlh iineeled by the 
inciease in (piestion is the annual e<iualion, ot winch tlie ineieaso is o" 10 

A glance atthe (uiois oi Hansen’s t.ibles, gi\ eii by ineiidian ohsei vat ions, wull show 
that the Cl lois alioiit the time ot lust quailci, and, indeed, (lining tin* fust linll of the 
lunation, ai(> in the mean less by between 3" and 4." than dnimg the second half 
Hence, (uthei tlie semi-diainetei, 01 the jiaiallactic equation, 01 both, me too Iaig(‘ '’I’lio 
paiallactic eiiuntion used by Hansen coiiesponds to a value 8" 916 toi the sidai jiainl- 
la\, which value is too huge by piobably not much l(\ss than o" 10 ’J’he ii'sult 
w'hich I deduced 111 1867 tiom all the leally \aluable data extant was 8" 848 , and the 
deteimiiiations whidi have since been made, w hen levisod with th(‘ best data, seem to 
indicate a diminution of this value latlmi than an inciease Tluxse indications m(>, how'- 
e\ci, as yet, a little too iiidetinitc to pimlicate anything ujion I shall thereloie con- 
tinue to use 8" 848, which w ill dimiiiisli Hansen’s value by o’'.o68 1 ’he coiicsponding 
dimiiiiitioii 111 the piin<.ipal paiallactic teim will be o” 96, while there will be two oUkm 
terms to leceive a Miiallei diminution 

Tins coiiciAion will still hxive a diireieme ol about 2" between the lesulls from 
the first and second limbs, which will be accounted foi by an eiioi of 1" ni the adojited 
semi-diamcfei This collection to the semi-diametei is aj^no/t ipiite piobabh', as the 
impioved meiidiaii instiumeiit.s ol the piesenttime give a semi-diamctei ol the sim i" 
less than the oldei ones tioin which the diamcteis adopted 111 0111 ephcmeiides vveie 
dciived It IS to be expected that the senii-diametci of the moon wilt exhibit a snii- 
ilai appaient dmiiiiiitioii 

Fiom a note iii I raiiscn’s Dai legung (page 439), it wnll be seen that one of the tei ms 
111 the tiuc longitude has cicpt into (.he tables with a wioiig sign Asemployiul in the tables, 
and given 011 page 1 5 of the intiodiictioii, it is, + o" 335 sin (2^ — 4 g' + 2 oj— 4 <»') 

As levised m i\\G Darleguvg, it is o'' 285 sin 


Theiefore the tables need the coriection. 


— o" 62 


sin 


2m 


^ -IH-Vostigatiou oi tU© Distance ot tho tiniij p 24 
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T*lie follovvinor is a list of the corrections we have so hir dcduceil to Haiiscifs tal)l(\s. 
They should in strictness be applied to the mean longitude, or ArgirnrerU J()>)daiJi(’nt<ir , 
but they may without serious error be applied to the true longil iidc. 

Put 

D, the argument of ])arallactic inequality, or mean (dongai ion of tlie moon from 
the sun ; 

g, the moon’s mean anomaly; 
g\ the sun’s mean anomaly ; 

CO, the distance of the moon’s perigee from the ascending nocbi ; 
co', the distance of the sun’s perigee from the same node. 

We then have 

D — g — g' -{-CO — go', 

and the corrections in question are, 

// 

4- 0.96 sin D \ 

0.07 sin (^D — ^ K ParallarHc term. s' , 

— 0.13 sin + g') » 

-j- 0,09 sin g' Annual equalion. 

— 0.33 sin 2 D YariatUm. 

— Oa I O si n ( 2 D — . g) Eveetion. 

0.62 Sin g 2 Z|. g —j- 2 Od — Gi)^^ Ai'culenial error. 


_ The fourth and fifth terms of this expression have the elbict to remove i h.^ increase 
which Hansen applied to his inequalities on account of the position ol' the centm- ol’ 
gravity of the moon, while the sixth is the result of the slight error of t.he eccentricii.y 
which he employed in computing the -coefficient of evectiom 

In comparing with meridian observations which have been rednc.ed witliout any 
correefton to the apparent semi-diameter depending on the time of day, the corri-ciion 
of vanition may also l,e onulted, shice a yet latger apparei.t con-ccli.m, i,avi„g I I 

site algebl-aio sign, will result from tlie apimreiit variations of tliat soml-.ilanml.. as 
already explained. ’ 

As regards the possible corrections to the elements of Hausen’s tables, il, is to In- 
lemaiked that that investigator did not avail himself of the elements of tlie lunar orbit 

hh M v(lue”'ofTr observations between 1750 and 1830, butol.tained 

If tL‘obscrvatiti th Of the nature and extent 

1 the obseivati ns thus employed, we have no details ; but it is not likidy that more 

rs: 

peHgee and node aa .lerivod by Hans:,;; “ir LU: 
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what coirectioiis to Haiiben’o clcnH'iilh aic iiuluMtod by the u-coiit <)l).s(‘ivatioiis ot tlie 
moon made at Gieenwich and Washington sm< e 1862, a jK'iiod dining which both 
sciics of observations aie caictully loinpaied with ITaiiseii’s lable.s 

The general ideas on wliicli tlicpiesoiit investigation ot these collections is based 
are these tlii' eriors of the moon’s tabulai longitude are ol two classes, — a piooiessive 
collection, which appaiently incicases uniloi inly witli the tune, aiideirois ol shoit. 
pciiod, the piincipal ones of which go thioiigh then peiiod during one levoliition ot the 
moon Ol less In dcteimnung the eiiois ol the tiist class fioni obseivation, those ol 
the second ehiss may be icgaidcd as accidental ciiois, the ctleet ol winch will be elim- 
inated tioiu the mean ol a Luge iiumbei ol ohsei vatioiis Since, 111 a sciii's ol obseivii- 
tious evteiiding thiough a iiiunbei of yeais, the maxima .ind mnnina of each teini of 
shoit peiiod will fall indisciunmately into <ill paits ot all tin* olhei peiiods, each piniodic 
collection may be dctcimined as it the elh'cts oi the oiheis woie piiiely accidental 
enois At the same tune, as the elimination ol each pmiodic eiioi lioni the maxima 
and minima ol all the othcis ctinnot be conipleti* 111 any liiiile time, it is desiiable that 
each periodic collection ot sensible magnitude wbieli we can deteiiiime bcloiehand shall 
be applied to the lesuluals bcloic the laltci aie used to deleimiiie the collections to the 
elements 

The collections ot the elements ot longitude have lieen inaih* to depend pi iiieipiilly 
upon the obsPived light ascensions, nisi e.id ol lediKiiig llii' oliseived eiiois of iighi 
ascension and polai disiaiicc to ciiois ol loiigiliide .oid lalitinle The umsoii loi this 
couise Is, that the appaiciit eiiois ot pol.n disbiiice, .itlei eoiiei (iiig tlieni appioxmiiilcly 
toi eiiois ol the eliMiieiils easily delei mined, will aiise pinuipally lioin eiioisol obsei- 
vation, and not horn eiiois of tin* lables In l.icl, the obseivalioiis ol Ibe moon’s declina- 
tion aic sometimes allccted with aceidenlal miois ol a magnitude w liiclv it is din’u'uU to 
account lot, esjiecially in the case ot Washington Oi anting I bat the moon moves in 4 
plane the position ot which can be vciy accnialcly deleimiiK'd, wc have allerwaid only 
to deteimine the moon’s jiosition 111 lh.it plane, and this can be done iioiuaii obseiveil 
light ascension almost as w'cll as il w'c had a diii'ctly ohsei vial longitndo The longi- 
tude thus dctei mined will be less likely to be .illeetod w'ltli systeinatie eiiois than il wo 
suppose the position eiitiiely imkiiowii, and eliangc theeiioisol tight ascension ami 
decliuatioii to CIIOIS ot longitude and latitude, wnthoiit leg.iid to the possible coiisl.mt 
eiiois of the incasiued decluiatioiis 

Foimiilse loi expicssing the longitude and latitude ot the 1110011 iti teiiiis oi* tlio 
lunai elements aie given by Hansen 111 a posthumous ineinoir* The following tei lus 
aie sufficient loi oui piesent pin pose 

Put 

I, llie moon’s longitude in oibil, 

6 , t he longitude ot the ascending node , 

/, the inclination of the oilnt to the ecliplie, 
a, S, the moon’s light ascension and dcclinaiion , 

00, the obliquiiy of the ecliptic 

* Ueboi die Darstellung cler guidon Aufotoigniig und Abwoiclmiii; dos Mondcs lu Function dei Uirige in dn Halm 
und dor KnofconUnge Abbandlungon doi Ivoniglich-S.icbaiachoii Gobollscbaft del Wiosenscbalten, Hd x, No vin 



12 


We tlieu have, approxiraatelj, 

a — I — 2°. 5 sin 2 / — i°.i sin (2 / — < 9 ) -|- i°-i «in 0 
sin — sin o sin I + cos (a sin i sin (/ — 9 ) 
zz 0.40 sin I + 0.08 sin (/ — 6 ) 

The differential co-efficients derived from these expressions are, 

—1— 0.037 cos (2 / — . 0) — 0.087 cos 2 I 

fl Of 

=2 0.018 cos 0 + 0018 cos (2/ — 0) 

ao 

da . „ • / 7 ox 

— 0.21 sin 0 — 0.21 sin {2 I — 0) 

clS 

cos S — 0.40 cos I + 0.08 cos (/ — 0) ■ 

rz: (0,40 + 0.08 cos 0) cos I + 0.08 sin 0 sin I 
cos (5 0.08 1 cos ■(/ — 0) 

odd * y 1 ^ \ 

cos o _ 3: 0.92 sin (I — 0) 

From the first three formulm, it will be seen, that the mean error in right ascension 
is very nearly the same as the mean error in longitude; the periodic corrections being 
supposed to be eliminated from this mean, ^ 

i lie investigation of the corrections from oliservations is now made as liillows : 
All the apparent errors of the tables derived from the meridian observations at d reeii- 
wich and Washington since 1862 have been collected, arranged in tlie order ofdatc.s 
and the mean taken for each year; observations of the separate limbs licing kept sciia- 
rate. The mean error in right ascension for each year is as follows: 

A])parent errors of Banserh talks in li. A. 


Greemvich. 


Washington. 


II. Mean. 


.4 + 5 

•4 +6 


+ 5.1 ,+ 7.8 

H- 6.2 + g.6 

■f 6.9 +-I 0.2 

+ 7.1 +10.8 


— 3.6 —0.6 —2.1 

— 2.3 +0.5 --0.9 

. ‘ i.o + 1.3 +. 

6 0.0 -h 3.4 +- 1.7 

6 +1.0 -f- 4.0 + 2.5 

4 + 2.4 4 ' 5*8 + 4.1 

2 +2.5 +-6^2 +4.4 

o + 3*4 + 6.5 + 4,9 

6 + 4.0 + 6.9 + 5.4 

7 +5.2 +-8.0 + 6.6 

4 + 6.1 -f g.2 + ^ 5 

3 + 6.9 +10.2 + 8.6 

7 + 7.6 +11. 1 +- 9^4 


i he lust Colllljlll Gxllllyifs hllP ill • 

tlie apiMieut tabular errors m mean right aseensien, „„.l 
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theietoie in moan lougilud(3, atj tleiivcd eachycai fiotn all tlic obsoi vatioiis Thu .siiddun 
appaiciit altciation ot neaily ono second per annum m the mean motion ol the inouii, 
cxluhited ill this column, seems to ino one ol the most e\tiaoulinaiy ol astionoiuical 
phenomena; hut, as I have discussed it m scveial jiajicis duiiiig the last hvis yi'.iis, J 
shall do no moie heie than call attention to its continuance, and to the iinpossihility ol 
lepiesenting it by any small iiiniihci of jiciiodic tei ms without intioduciug discoidances 
into the longitude dining pievious )eais 

It will he seen that theic aic tliscoi dances between tlu' lesults ol the two ohsciva- 
toiies, soinetinics aiiioniiting to moic than a second In detiMniiinng the collections ol 
shoit peiiod, it is desiiahlc to icdiicc the systematic ciiois extending tin ongh each 
yeai to a mniiniiim, the (picstioii whethei such ciiois aic in the tlicoiy oi the ohseiva- 
tions being indiireieiit It is also desiiahle that in tahnig the mean ol the lesults ol the 
two obscivatoiies, they should he made eompaiahle wilh each otliei hy collecting oil her 
of them toi the s}stcinaiic dilhncme Tliese coi ici-tioiis, of eoiiise, only admit ol 
approximate dctcimwialioii, and they have heen ajiplied each yeai to th.it ohseivaliny oi 
that limb of the moon iii wdnch, judging lioin the di'viatioiis liom mnlorm piogiession, it 
M^as judged most likelj that the discoid.nice exish'd Tin' lollowiiig aic llie coi leclioiis 
actually applied to the se\ei<il classes ol tahiilai ciiois 




- 



“ 


GiccnwKli 


Yea I 

— 

- 

— 




I 

11 

I 

II 


s 

s 

s 

s 

1&62-O3 

4- 0 06 

+ 0 06 

0 

0 00 

j S64 

0 

0 

0 

0 

3 S 65 - 6 S 

0 

0 

0 

— 0 04 

1S69 

0 

4- 0 06 

0 

1 — 0 04 

TS70 

-h 0 u6 

0 

0 

— 0 04 

1S71 1 

0 

0 

0 

0 

1S72 

0 

0 

0 

— 0 04 

1873-74 

0 

0 

0 

0 


Having applied these coirectioiis thiougliout then seveial jeai s, the G im'iiw ic-h 
and Washington ohsoi vations wcie consuleied stiietly eompaiahle, and when llie moon 
was ohseivcd at both obseivatoiics on the sunic day, the moan ol the collected tuhuhii 
errois w'as taken The mean outstaiidiiig tabulai eiioi loi each ;yeai now becomes as 
lollow's 


\cai 


(U 

\ ti,U 

(U 


1862 

— 

2 I 

1866 

4" 2 

2 

1863 

— 

09 

1867 

+ 3 

s 

1864 

+ 

04 

1868 

+ 4 

I 

1865 

+ 

I 4 





\oar 

n 

^ e<ii 

(U 

1869 

+ 5 1 

1S72 

+ 73 

1870 

+ 5 h 

1^73 

+ 8 6 

1871 

+ 66 

1S74 

+ 9 7 


These quantities, -with the sign changed, should be consideicd as coiieetioiis lo Hie 
fundamental aigumcnt, and we have to deteiiniiic the coiicsponduig coiicciiou to the 
light ascensions which aic to be applied to the iiKlivulnal tabulai ciiois To icdiicc 
them to collections of tiuo longitude, they aie lo he multiplied by the lactoi 


I + 2 e cos g = I -f o n cos g 
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Til e correspoudiiig faclor for correction of riglit ascensioii is, witli sufficient :i|)])rox- 
iination, 

( 5 a;— (i +0.1 1 cos «• — 0.04 cos {2I — 6) — 0.09 cos 2 /) < 5 A 

III tliis fonmila, (51 represents the correction to the mean longitiuh?, while wc may 
suppose / to represent indifferently tlie mean or the true longitude ; and, during a period 
ot several moutlis at a time, we may represent the longitude as a function of g. d'lie 
value of ( 5 a; has l>een reduced to a table of double entry as a function of g and of tlie 
time, ff^o express the mean longitude as a function of g, we have 

2 I — 9 zn 2 g 2 7 T — 9 
2/lz:2o*+27r 

1)/ the substitiitioti of these values, the expression for <5^ becomes 
Sa zz {i o.i i cos g + cos 2 g B sin 2 g*) 8 K 


where 


A ZZ — .04 cos (2 TT ^ 9 ) ^ .09 cos 2 /T 
B = .04 sill {2 TT — 9 ) .09 sin 2 n 

ihe values of tc, 9 ^ A, and B for periods of six months are as tbllow : 


■B I Year. 


+ .09 


1563.5 

1S64 .0 

1864.5 


•oS I 1873.0 


+ .09 

+ .04 


this papen*, it IS not necessarvMo print them. -cotcol 

The corrections of short period, whicli have been actually applied, are 

+ 0.96 sin Z) 

— 0.13 sin (H + V) 

+ 0.09 sin g' 

-o.62sin(2--4g'+2®-4a,') 
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I'hc fust three have been conabrned into a, single one of double aiguinoni, in wlin ti 
the arguments are D and the month, the latter corresponding to g' . '^Plic Ici ms depend- 
ent on this argnment arc so small that they may be regarded as coiisluiit dining an 
entire month 

III this same table is nicliided a partially conjccliiial collection ioi Ihe vai lalioiis ol 
the moon’s semi-dianietei The correction lo iranseii’s value lias hc'eii assumed as 
— 2" o, when the moon is in the neighborhood of tire sitii, so lhat her Imih is very lainl, 
and as — 4 after the close of evening twilight Between two hours ot elongation 
and the close of twilight, it is assumed lo mcK'ase uniformly '^Phe sum ol 1h(>se loin 
corrections is given 111 the following table 
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When we subislilule 


th T to VO, y small 

cqnalii.n ° * "’'"o'' "'“y ‘"e coiii.pole.l l.y tlio 

the .Uiroioot,al coefficcls ha.n.g the values g.vei, on page ig 
these values, the expieasion f.,i S« will contain the to. ms ' 

(+ 0i8 ( 56 > — 037 5 a) cos (2 / — 0) 

— 087 5 a cos 2 / 

+ 018 50 cos 0 
+ 021 Si sm 0 

— 021 St siu (2 / — 0) 

If we lepiesent the sum of these teims by P, we shall have 

5/=5a-P 

peii.eo tl'e'te'inrff p" ‘l'° “1'“*“"" ‘'‘o eccentiicity an.l longitude of 

ll, °.l,; a ‘‘""7 ^ '“V '>■= ™t"oly iiegloeteil This aiises lioiii the ciicunislancos 

e “I '“u. a r™ *'■- "ovo Ih 

ileneirirln ! “m""'""'''-' l>oi"«l'c lo, n, 

ee'on;i m til ihe nt 'i I.'':;"'™ “'"'‘'8“ '"<"0 ""o 

otS rS/9 I ' SO that the teim 037 Sa is quite insignificant The tei in 

*018 S6 may have a constant value of o" 2s, moio ot loss ^ hut thn f i c n 

term 2 / ^ . 11 ^ penod ot he 

... the , ..can collection to. each year, which baslieen al.oa.Ij .i,,pl,e,l lo the c.o.s 
T(. (leteunme the collection to the ecceutucity aiul longitude ot the peiio-oe result 
mg fioni each yeai s obseivatioiis, the lesiduals m ucyht casceusioii ifte. tL l ^ 

« the Ih.ee co„ee,u,„s alvea,!,. descbeil. I„.,e l.ee°,. ananZ 

of the mean anomaly to which they couesnond TUp^ u 1 values 

...g table, which g,™s f„. ecbi... ills of I ' a.,!!; .rtl: flT ‘ “ “I' " 
sun. of tho .esuluals (labula. ohscvedl n il f 

the values of mean anomaly between those ,nlal“n”’ "" 

lesidual. In tabng these inns, the ob!e “a,.r at I 

separately, so that when obseivatioiis weie niailc at both , ^ 

It IS alterwaid found that tlie value of this pioduct is ouljT^^ 



Sums of errors of mooris corrected right ascension^ given hy ohscyvahons at Greenwich and 

Waslnngton 


Limits of mean 

1862 

1863 

1S64 

1 1S65 

anomal}*- 


N 


N 

16 a 

N 


N 

0 o 

n 


n 







0 to 10 

+ 39 

4 

+ 21 5 

10 

+ 19 6 

9 

+ 

I 4 

7 

10 to 20 

-1-36 

6 

+ 12 3 

12 

4-61 

7 

+ 

3 4 

4 

20 to 30 

=—0 2 

5 

+ 14 2 

8 

+ 5 S 

5 

— 

0 3 

10 

30 to 40 

+ 93 

8 

+ 23 7 

II 

+ 4 5 

7 

— 

0 5 

5 

40 to 50 

+ 27 

8 

+ go 

8 

4-26 

3 

- 

3 6 

6 

50 to 60 

+ 03 

8 

4 - 98 

9 

— 16 

10 

— 

I I 

6 

60 to 70 

89 

10 

“43 

7 

+ c 7 

5 

— 

6 I 

7 

70 to 80 

- 3 7 

4 

=^ 4 - 70 

10 

— 7 0 

6 

— 

6 7 

6 

80 to 90 

+ 67 

* 7 

- 6 7 

6 

•— II 2 

9 

_ 

6 I 

0 

90 to 100 

+ 39 

6 

“33 

9 

“34 

6 

— 

8 5 

7 

0 

M 

0 

0 

0 

+ 39 

XI 

- 0 4 

5 

— 2 I 

5 

— 

0 7 

5 

110 to 120 

- 6 4 

9 

“39 

8 

“30 

3 

- 

7 5 

8 

120 to 130 

- 3 2 

8 

“39 

7 

4- 0 1 

5 

— 

5 5 

6 

130 to 140 

- 7 8 

6 

- 8 8 

8 

— 12 2 

7 

+ 

5 0 

5 

140 to 150 

- 0 9 

5 

“ 15 9 

8 

4 - 09 

3 

4- 

I I 

5 

150 to 160 

— 0 I 

5 

— 18 2 

9 

- 0 7 

7 

+ 

I 5 

4 

160 to 170 

- 8 8 

4 

— 19 7 

6 

+ 2 5 

6 

+ 

4 3 

5 

170 to 180 

- 5 7 

4 

“99 

7 

“ 5 3 

5 

+ 

6 4 

6 

180 to 190 

- 17 4 

9 

— 33 I 

M 

- 8 6 

7 

+ 

8 9 

6 

190 to 200 

- 15 5 

7 

“43 

4 

— 06 

4 

+ 

13 2 

8 

200 to 210 

- 3 S 

10 

— I 0 

6 

“ 6 4 

9 

+ 

7 8 

8 

210 to 220 

— 02 

2 

“ I 9 

9 

- 2 9 

8 

+ 

13 r 

7 

220 to 230 

— 28 9 

9 

“75 

10 

4 36 

7 

+ 

5 I 

5 

230 to 240 

- 7 3 

7 

“ I 0 

7 

4“ 08 

7 

+ 

10 3 

5 

240 to 250 

+ 13 0 

8 

+ 04 

9 

4 - I () 

7 

4 

7 3 

8 

250 to 260 

— 20 

4 

+ 7 

8 

+ 5 

8 

+ 

7 3 

7 

260 to 270 

+ I 6 

9 

+ I 4 

5 

+ II 7 

7 

+ 

16 2 

12 

270 to 280 

+ 37 

5 

+ II 3 

9 

+ 25 3 

II 

+ 

7 6 

II 

280 to 2go 

+ 47 

7 

i- 08 

5 

4 - 18 2 

8 

+ 

9 6 

8 

2go to 300 

- I 3 

I 

+ 15 9 

7 

4-6 0 

4 

+ 

5 8 

11 

300 to 310 

+ 30 

3 

+ 23 5 

9 

+ 7 8 

0 

+ 

10 X 

7 

310 to 320 

+ 23 

2 

+ 22 6 

6 

4 “ 64 

5 

+ 

16 4 

10 

320 to 330 

- 2 8 

5 

+ 182 

9 

4- II 0 

7 

+ 

14 5 

7 

330 to 340 

+ 9 5 

6 

+ 12 

7 

+ 18 5 

10 

+ 

16 7 

II 

340 to 350 

+ II 8 

8 

+ 72 

7 

+ 42 

7 

+ 

7 6 

7 

350 to 360 

+ 13 6 

5 

+ 14 4 

8 

+ 16 5 

0 

+ 

5 3 

9 


+ 106 4 

225 

4-222 0 

287 

+ 187 I 

236 

+ 205 9 

255 


— 116 0 


-144 7 


— 71 0 


- 

46 6 



- 9 6 


+ 78 3 


4-116 I 


4 - t <2 
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Sums of eiiors of moonJs corrected right ascension, S^c — Continued. 




1S66 



1867 



1868 



1869 


Limits of mean 
















anomah 

2Ja 

N 

^ 6 a 

N 

SJo 

N 

SJa 

N 

O o 

0 to 10 


II 

I 7 

6 

4 - 

n 

7 4 

5 



4 

2 

4 



10 

1 

7 

4 

10 to 20 

— 

2 5 

4 

- 

5 

0 

2 

4 - 

3 

9 

7 

— 

4 

2 

4 

20 to 30 

— 

7 5 

3 

- 

I 

7 

4 

— 

2 

5 

3 

— 

0 

8 

6 

30 to 40 

— 

7 I 

5 

— 

7 

5 

3 

— 

9 

4 

6 

4 - 

4 

2 

5 

40 to 50 

- 

14 5 

7 

4 - 

5 

5 

4 

— 

9 

0 

5 

4 - 

n 

0 

6 

50 to 60 

- 

0 7 

I 

- 

2 

0 

4 

— 

0 

7 

7 

4 - 

5 

5 

3 

60 to 70 

+ 

I 3 

5 

- 

8 

5 

4 

H- 

2 

2 

7 

4 - 

3 

I 

5 

0 

CO 

0 

0 


5 3 

6 

- 

4 

8 

3 

+ 

4 

I 

8 

4 - 

7 

7 

7 

So to 90 

+ 

I 6 

6 

- 

3 

6 

I 

4 - 

12 

2 

7 

4 - 

8 

0 

8 

go to 100 

4 - 

3 9 

4 

4 - 

2 

6 

5 

- 

0 

3 

4 

4 - 

16 

8 

8 

100 to no 

+ 

4 4 

9 

- 

0 

6 

5 

4 - 

14 

9 

7 

4 - 

5 

I 

9 

no to 120 


4 2 

8 

4 - 

3 

9 

5 

4 - 

9 

8 

6 

4 - 

8 

3 

6 

120 to 130 

- 

5 4 

8 

+ 

I 

6 

7 

4 - 

4 

I 

5 

4 - 

14 

5 

7 

130 to 140 

4 - 

3 4 

6 

+ 

4 

I 

6 

4 - 

10 

2 

8 

4 - 

7 

5 

8 

140 to 150 

+ 

10 I 

9 

4 - 

I 

9 

7 

H- 

5 

2 

7 

4 - 

3 

I 

6 

150 to 160 

- 

4 I 

6 

- 

2 

6 

7 

4 - 

2 

I 

9 

4 - 

20 

3 

7 

160 to 170 

4- 

3 3 

7 

4 - 

6 

8 

5 

+ 

1 

3 

8 

4 - 

3 

7 

3 

170 to 180 


0 I 

7 

- 

5 

0 

8 

4 " 

0 

8 

7 

4 - 

12 

2 

7 

180 to 190 

4 - 

0 8 

6 

- 

0 

3 

2 

4- 

12 

3 

8 

4 - 

7 

0 

5 

I go to 200 

4“ 

5 9 

6 

4- 

2 

0 

4 

+ 

17 

9 

6 

4 - 

6 

3 

4 

200 to 210 

- 

3 2 

6 

4 - 

2 

8 

6 

4 - 

5 

2 

5 

4 - 

10 

I 

5 

210 to 220 

-H 

0 3 

6 

- 

I 

7 

4 

H- 

13 

0 

8 

4 - 

12 

2 

5 

220 to 230 

- 

5 4 

4 

4 - 

12 

9 

9 

4 - 

4 

8 

4 

4 - 

12 

3 

7 

230 to 240 

4* 

4 I 

8 

+ 

8 

2 

6 

4 - 

15 

2 

9 

— 

I 

3 

3 

240 to 250 

- 

I 8 

7 

4 - 

25 

4 

9 

-H 

7 

4 

8 

— 

6 

4 

6 

250 to 260 

4 - 

9 4 

7 

4 - 

0 

9 

3 

4- 

H 

2 

8 

— 

3 

6 

2 

260 to 270 

4- 

2 7 

7 

+ 

II 

7 

6 

— 

5 

0 

2 

— 

17 

3 

7 

270 to 280 

+ 

9 7 

4 

4 - 

3 

3 

4 

4- 

I 

0 

7 

— 

18 

8 

5 

2S0 to 290 

4- 

II 6 

12 

4 - 

7 

0 

7 

— 

9 

I 

5 

— 

21 

4 

6 

290 to 300 

4- 

4 0 

4 

4 - 

0 

7 

3 

— 

3 

2 

8 

— 

X 3 

6 

3 

300 to 310 

4 - 

6 7 

4 

4 - 

16 

5 

7 

— 

8 

0 

2 

— 

4 

8 

2 

310 to 320 

-h 

3 4 

2 

+ 

2 

3 

5 

— 

13 

8 

8 

— 

0 

8 

I 

320 to 330 

4 - 

7 7 

5 

4 - 

0 

2 

5 

— 

10 

6 

9 

— 

4 

2 

2 

330 to 340 

4- 

9 I 

5 

4 - 

3 

5 

6 

- 

n 

7 

6 

— 

18 

5 

6 

340 to 350 

4 - 

10 8 

6 

— 

5 

4 

7 

— 

9 

8 

5 

_ 

10 

6 

4 

350 to 360 

4 - 

9 2 

7 

- 

7 

2 

4 

- 

18 

3 

6 

- 

2 

2 

5 


+132 9 

213 

4-13T 

2 

182 

-f-i6i 8 

229 

+178 9 

187 


— 

54 0 


— 

55 

9 


- 

115 

6 


- 

139 2 



+ 78 9 


4 - 

75 

3 


4 * 46 

2 


4 - 

39 7 
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or, putting 

h — 2 ^6e ~ — 2 Se 
k — — 2 dn — 2 e 

the equation will be 

+ h sin g k cos g =.), 

■^6 and ^7t being the €ttot6 of the tabiilai eccentiicity and longitude of the peiigee, 
while $e and Stt repiosent the coiiesponding co} ) cctions 

The equations aie now solved as if all the lesiduals within each pan of 20° limits 
cot responded to the mean of the limit, — that is, as if all between 0° and 20° corie- 

sponded to g — 10° , those between g — 20° and g — 40° to g — 30° , and so on If, 

then, we put 

gi = 10° , ga = 30°. etc , 

J\, the Sinn ot all the lesuhials in any one yeai coiicspoiiding to g — g • 
the coi lespoiidiiig lunnbct ot obsei vations, 
s, = sin g. , 
c, = cos g^ 

the noimal equations foi dcteimimng SI, h, and k, by least squaies, will be 
(^nO h + (2n,c:) 1=2^ 

{2 n, s,) Jl + (2 n, . 9 ,®) h + n, %c^l=2s^i^ 

{2 n, c,) Jl + {2 n, ,s, c,) h + {2 n, c^) k =2 
Ihe toimation and solution ot these equations toi each ycai give the following 
values of the outstanding eitois ot the lunai elements foi each ycai 


H n 

1862, /i=: + 0 04 k ^ z =.-\- i 27 , 

1S63, — o 64 + I 78 

1864, — I 07 + I 09 

1865, — 1 03 —015 

1866, — 047 +010 

1867, -093 —036 

1868, O 34 — I 46 

1869, + I 67 — I 56 

IS70, +148 - 1 14 

1871. +165 -036 

1872, _J_ 2 15 — 0 12 

i 873 > +191 -j- o 16 

^ 874 > + r 92 _j_ o 60 


The periodic chaiactei of these residuals is veiy lemaikable, indicating, as it does, 
eithei a hitheito unknown inequality of the moon’s mean longitude, having nearly the 
same period with the orbital levolution, or one of the eccentricity and longitude of 
perigee, having a peiiod of between fifteen and twenty years To investigate this in- 
equality, we shall assume that each value of h is of the form 

h — a sill {fj. -b nt) 

and each value of k of the form 

k-\- a' cos {fi' -f n't), 
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h, k, a, a , , n, and n' being unknown quantities to bo determined, and t tlie tune 

111 yeais fiom any assumed epoch Wc shall take for the epoch the middle of the 
pe. lod through which the ohsei vations extend, that is, i86S 5 It, then, we lepieseiit the 
thiitccii \alues ol h and k 111 chronological oidei by /i_o, A.j, , 

Ao, the equations ot condition fot h and k respectively may be put into the foim 

A, — h — a. sill fx cos in — a. cos yw sin i n 
K — k-\- a' cos cos in — a' sin fx sin ^ n 

Rcgaiding h, k, a sin /<, a cos /if sin /i, and a' cos ju as the unknown quantities, 
the noiiual equations foi determining these quantities aie * 

(1) Fiom the mluei, of 

3 — (■^ cos i «) a sin yu 

— (2 cos in) h-\- (2 cos® i n) a sin yu — — 2 cos i n 
(2 siir in) a cos ju =z ~2 sin i n 

(2) Fiom the valuei oj k^ 

^ 3 cos i n) a! cos /i' — 2 k^ 

( 2 cos in) k (^2 cos® i n) a' cos /i' — S k ^ cos i n 
2 (sin® i n) a! sin /i' — — 2 k,s\x\ in 

It will be obscived that all the coefficients having as a factoi eithci 2 sin i n or 
2 sin 1 11 cos ^ n vanish 

T. he value ol n appaicntly is not icadily detci mined diiectly by least squaies we 
shall theicfoK' assuine seveial values of this quantity, and asccitam by which value the 
coiidilious can best bo .satishcd The lollowing aic the abbioviated values of the puiely 
li igoiiouictiic siuiiinations 


2 cos i u 


sin 6i n 
sill I n 


^’cos® in='^^ 


sin* in — - 


2 sin n 

13 sin n — sin 13 n 


2 sin n 


It wc solve the preceding equations, and put, foi bievity. 


13C1 — c- 

n ^1 

^ 1 3 — c® 

r - 

L/q — 5 

13C1 — c® 

the icsultiiig expicssions (01 the uiikiiowii quantities are 

h= C,2h,- C2K cos in 

a sin /X z=. C2 \ cos i n 

a. cos yu = — — 2 Aj sin ^ w 
•^1 


k — C]2 k^ — C2 k, cos i n 

a' cos /i' — — ij2 Aj + Aj cos i n 

a! sin /j! — — — 2 \ sin i n 
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The period of h and h lies probably between fifteen and twenty years, which would 
make the \alue of n, oi the annual motion of the inequality, lie between i8° and 24° 
The following are the values of the various quantities depending on n for the differ ent 
values of n between these liniits 


n 

log C 

log Cx 

log Sx 

log C 

log C 

log C3 

0 

18 

0 756 

0 

715 

0 893 

9 213 

9 172 

9 571 

19 

0 705 

0 

707 

0 898 

9 097 

9 099 

9 506 

20 

0 644 

0 

705 

0 900 

8 977 

9 038 

9 447 

21 

0 577 

0 

709 

0 897 

8 858 

8 990 

9 395 

22 

0 498 

0 

718 

0 S91 

8 734 

8 954 

9 350 

23 

0 406 

0 

731 

0 882 

8 604 

8 929 

9 312 

24 

0 291 

0 

747 

0 870 

8 453 

8 909 

9 276 

25 

0 143 

0 765 

0 S56 

8 275 

8 897 

9 246 


n 

simn 

2 At cos tn 

2 Ai sin t }i 

2 /({ cos tn 

0 

18 

n 

+ IT 48 

N 

+ I 96 

n 

- 4 66 

n 

- 4 66 

19 

+ II 66 

+ I 52 

- 4 68 

- 5 04 

20 

+ II 78 

+ I 09 

— 4 69 

- 5 40 

21 

+ II 83 

■+■ 0 68 

- 4 68 

- 5 73 

22 

+ II 8t 

+ 0 29 

- 4 66 

— 6 04 

23 

+ II 73 

0 08 

— 4 62 

- 6 33 

24 

+ II 58 

— 0 44 

- 4 57 

- 6 60 

25 

1- 11 37 

— 0 78 

- 4 50 

- 6 86 


The ptecedmg equations now give the following separate values of the unknown 


quantities, coi responding to the vaiious assumed values of »• 


n 

/; 

a 


Ji 

rt' 


0 

18 

19 

20 

21 

22 

23 

24 

25 

te 

0 72 

0 69 

0 66 

0 63 

0 61 

0 60 

0 58 

0 56 

n 

r 53 

I 53 

I 53 

I 54 

I 55 

I 57 

I 59 

I 61 

0 

164 0 

165 2 

166 3 

167 2 

168 I 

169 0 

169 8 

170 4 

n 

0 73 

0 61 

0 49 

0 39 

0 31 

0 23 

0 17 

0 II 

n 

I 81 

I 71 

I 62 

I 53 

I 47 

1 42 

I 39 

I 36 

0 

i6o 8 

159 7 
158 5 

157 2 

156 0 

154 8 
153 6 

152 6 


There can be little serious doubt that in the case of the present inequality the 
theoreti^l values of // and fi' should be the same, and it is also probable that those of 
a and a may be substantially identical. The small differences between the values of a 
and a and of ^ and p! add so much weight to this probability that we shall makq 
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another solution of the equations on the supposition that o' = a and =z The nor 
nial equations then become 

13^ — ca sill ^ =. 2 

— ch-\- 13 a sin — — 2 k^cos % n — 2 k^simn =: 

13 /« + ca cos ju — 2 k^ 

ck-\- 13 a. cos fx — 2 cos in — ^ /i, sin e « — iSg 

The solution of these equations is 


h = 


“^2" ^ 5 H j~ ; 

13 —c' 13 —c' 


h = -^l—^ 2 k- 

if — c^ 

_ 13 


. ^2 ‘> 

13- — c- 




a. Mn n ■=. — 5-^2 — 5 iS, 

T /•« 




a cos jj. 


‘ ' 13“ 


A coinpatison of the scpaiate solutions of the equations in h and k shows that the 
value of » which best satisfies the conditions lies between 22® and 25° The values 
of A, A, a, and fx wcie theieforc deiived only fioin the last equations for the last four 
values of n Foi each of these sepaiate values of ?i, the coiiesponding values of \ and 
A, woic computed from the foimuhe 


A, ~h — a sin {fx -\-in) 
k^-=z k a cos {/X in) 

in which, it will be remembered, the index i is simply the numbei of the yeai from 
1868 , so that we have, 

For 1862, i — — 6 
, For 1863, i — — 5 
etc , etc 

These computed values of A, and \ weie then compared with the values deiivcd 
directly fioin observations, and given on page 20, and the sum of the squaies of the out- 
standing icsuluals was taken The values of fhe unknown quantities, together with 
the sum of the squares of the residuals, aie as follow 


n 

h 

k 

a 


2 

0 

22 

n 

4- 0 66 

9 i 

+ 0 34 

II 

I 54 

0 

161 2 

3 207 

23 

+ 0 63 

+ 0 27 

I 52 

161 3 

3 170 

24 

H- 0 61 

4 - 0 20 

I 51 

161 5 

3 246 

25 

+ 0 58 

4- 0 14 

I 49 

161 7 

3 441 


The sum of the squaies becomes a minimum for n =. 22° 8, showing a period of 
the inequality of 15^ 8, with a possible erioi of a yeai or more The formulae for A, and 
A, thus become 


A, = -|-o" 64 — i" 52 sin (161° 2 -f- 22° 8 1) 
A, = -+-0" 28 + i" 52 cos (161° 2 -J- 22° Zi) 



^4 


from which we have the following comparison of the computed and obseived values of 
/«, and 


^rs!S«T- 

//i 


Y ear 

















C 


0 

0 

— 

c 


C 


0 


0 

-C 

1862 

+ 

n 

0 01 

+ 

n 

0 04 

+ 

0 

03 

4 - 

II 

T 67 

4 - 

I 

23 


0 44 

1863 

- 

0 48 

- 

0 64 


0 

16 

4 - 

I 32 

4 - 

r 

78 

+ 

0 46 

1864 

- 

0 79 

- 

I 07 

— 

0 

28 

4 - 

0 80 

4 - 

I 

09 

4 - 

0 2g 

1S65 

— 

0 88 

— 

I 03 

— 

0 

15 

4 - 

0 22 

- 

0 

15 

- 

0 37 

1866 

- 

0 74 

- 

0 47 

-h 

0 

27 

- 

0 38 

+ 

0 

10 

4 - 

0 48 

1867 

— 

0 37 

- 

0 93 


0 

56 

- 

0 85 

- 

0 

36 

4 - 

0 49 

1868 

+ 

0 14 

+ 

0 34 

4. 

0 

20 

- 

I 16 


1 

46 

— 

0 30 

1S69 

H- 

0 74 

+ 

I 67 

H- 

0 

93 

— 

I 23 

— 

I 

56 

— 

0 

1870 

+ 

I 33 

+ 

i 48 

4 - 

0 

15 


I 07 

— 

I 

14 

— 

0 07 

1871 

+ 

I 80 

+ 

I 65 

- 

0 

15 

- 

0 70 

- 

0 

36 

4 ” 

0 34 

1872 

+ 

2 09 

+ 

2 tS 

+ 

0 

06 

- 

0 18 

- 

0 

12 

4 - 

0 06 

1873 

+ 

2 15 

+ 

I 91 

- 

0 

24 

4 - 

0 42 

f- 

0 

16 

— 

0 26 

1874 

+ 

I 98 

+ 

T 92 

— 

0 

06 

4 - 

I 00 

+ 

0 

60 

- 

0 40 


The probable residual for each yeai is o" 27 


We have supposed the hypothetical inccpiality of longitude to be of the fotin 


= k, sin ^ cos g 

Substituting in this the pei iodic part of A^and and leplacing t by t, which now lepie- 
sents the tune in years from 1868 5, it becomes 

^U=l" 52 Sin (g'+ 25 I °2 + 22°8 0 


^u=i"52sin [^+ 22° 8 (F— 18575)] 


The entirely unexpected character of the peiiodic tcim thus bioiight to light len- 
ders Its verification by a longer series of observations veiy desiiable Foi this imipole, 
we need compaiisons of observations previous to 1862 with lianseii’s tables, because 
noneof the older tables with which compaiisons hare been marie aie aocmalc eiioiiah 
for the purpose Now, the Greenwich Obseivntioiis foi 1859 contain, as an appendix, .1 
TOinpMison of the longitudes and latitudes fiom Hansen’s tables with Gieenwicli olisoiva- 
lons rom 1 47 to 1858 inclusive , and I have utihzed the compaiison of the longitudes 

denved from mendian observations m the following way 

vears^ai'd sto’w”'*"? *“ I®"*!® ™ ‘he whole twelve 

Sut The ® “‘“"'“'y ft""'! ■" each 

then token durinTth wT 'u »l>ecivat.ons was 

cor^l^ions f f ■" each sextant None of the 

most of them Muirbfr *11 of this discussion were applied, foi the reason that 
nearly to ehmimto^tt ff f as accidental errors, and the means could be taken so as 

h^ men TTn? a ^ “f the fo.m chosen is 

here given Under each of the several values of g, given at the tops of the sevci 
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culunins, is shown, fust j, the date at which « had that particuki value, and, seconds, 
_io sum of the lesiduals lu longitude during the period of 4*16 between that date and 

the one next following, together with the numbe. of the lesiduals, the latter being in 
fetnall sul)i^c^pt fjguies 



_ _ _ 

— 

^ ^^0 -f- 

^ - 60 ’ f 

V ~ 120" + 

IS47 

1S47 " 

1847 " 

[in Kj 2 g, 

I in 24 2— 3 1 

J-in I 24 - I 3 

b i*b 1 6 I - r Ol 

Td) 20 7+ 04, 

J in 28 8+ 3 I2 

iVr ir 15 7 

Mu 20 3— 3 0, 

Tcb 25 34- 4 5» 

'Vplll 12 3 

^pnl \(} 9 

Mu 24 9 -h 6 I , 

M ly 9 S 

M ly 14 4 

Apiil 21 5+ 3 2, 

[line 62-1 2 8j 

June 10 S 

Miy 19 04 2 8^ 

3 S-f- ^ ,40 

July 8 4 

June 15 4- I 4, 

04—03, 

Aug 5 0 

July 13 0 

28 0-1 59, 

‘^ept I b-f- 3 S, 

A iigf 9 6 

JU 2 \ 6-h 12 2i 

29 2 

Sept 6 2 

Oct 22 1 I 12 2( 

0( t 26 7 f 8 72 

Oct 3 8 

Nov 19 J 2| 

Nov 23 34 y 3, 

Oct 3r 34- I 0, 

Dtc K) 1— j 

Dec 20 7 

Nov 27 6-pu 4, 



Del 25 34 " 0 7i 

iSfS 

1848 

1848 

fill 12 7- 7 3 

1 17 3 

J in 219 

I'd) 93— 8 ii 

Fell 13 Q_ 6 2r, 

Feb iS 5- I 4^ 

Mil 7 9- I 

Mu 12 5- 4 3, 

Mar 17 14" 4 7, 

Apiil 4 5 

A|)lil y I— 4 I, 

Apiil 13 7- I 5, 

Ml) 2 0 

M ly 6 f)— 7 

May II 2-f- I 0, 

M IV 29 f) 

June 32-8 9, 

[line 78—0 9i 

[line 26 2 

I mu 30 S— 2 6, 

July 3 4—0 6, 

julv 23 7 

July 28 3 

Aug 19-5, 

Ant>; 20 3 f I 2i 

Aug 2] 9 

Aug 29 5 

Sc])t 16 9 -| 2J 5j 

Sept 21 5 

Scj)t 2O I 

()( t 141151, 

0( t 190 

Oet 23 6 

Nov ji 04- 6 9, 

Nov 15 6+12 8, 

Nov 20 2 

Dec 8 5— 6 5, 

Dec 13 1+ 5 To 

Dec 17 7-1- 70. 



= rSo" - 

f- 



= 2 

40" 

4 - 



= 300° 

4 - 


[an 

1S47 


' 

Jm 

I 

S47 


/ 


1847 


It 

5 

S 



10 

4 4 - 

2 

Ol 

Jan 

15 

0 



Peb 

2 

4 + 

3 

7 i 

Fd) 

7 

04 - 

5 

6j 

Feb 

II 

6 



Mar 

I 

P 4 - 

3 

7 i 

Mir 

6 

5 P 

2 

3 « 

Mar 

II 

I 



M ir 

29 

5 - 

0 

4 , 

Aptil 

3 

I 



April 

7 

7 b 

3 

2, 

^pnl 

26 

0+ 

2 

7 i 

Apiil 

30 

6 



May 

5 

24- 

I 

Ol 

M ly 

23 

6 4- 

3 

Ol 

Miy 

2S 

2 — 

0 

3n 

June 

I 

s-p 

4 

II 

June 

20 

0— 

0 


June 

24 

6- 

2 

Ii 

June 

29 

24- 

I 

9 i 

July 

17 

6- 

I 

61 

July 

22 

2 -{- 

2 

Qi 

July 

26 

s-b 

6 

s, 

Aug 

14 

2 



Aug 

18 

8- 

8 

4 i 

Aug 

23 

4 -b 

8 

I2 

Sept 

10 

S 



Sept 

15 

1-h 

3 

61 

Sept 

20 

od- 

I 

0, 

Oct 

8 

4 



Oct 

0 

0 



Oet 

17 

6~ 

7 

3 i 

Nov 

4 

0 



Nov 

9 

5 



No\ 

14 

1 

0 

0) 

Dec 

2 

2 



Dei 

0 

S 



Dee 

II 

4 - 

I 

63 

Dec 

29 

9 b 

0 

7 i 

Dec 

34 

5 



Dec 

39 

I — 

2 

8, 


1S4S 




1848 




1848 



Jin 

2b 

5 + 

0 

2| 

I 

31 

I 



Feb 

4 

7 



Fib 

2-^ 

I — 

I 

li 

Feb 

27 

7 - 

0 

81 

Mu 

3 

3 



M ir 

21 

7 



Mir 

26 

3 



Mir 

30 

9 



A pill 

18 

3 “ 

T 

Si 

Ajjiil 

22 

9 + 

2 

Ol 

April 

27 

5 



M ly 

15 

S 4 - 

I 

4 j 

May 

20 

44- 

9 

0, 

M ly 

25 

0 



[unc 

12 

1- 

0 

2 > 

J Line 

17 

0 



June 

21 

6-p 

2 

ii 

July 

10 

0— 

4 

Sj 

July 

14 

64-10 

4 i 

July 

19 

2 — 

0 

D 

Aug 

6 

5 - 

3 

ii 

Aug 

I r 

I 



Aug 

15 

7-1 - 17 

4 i 

Sept 

3 

r — 

C) 

7 - 

Sept 

7 

7 — 

5 

Ti 

Sept 

12 

3 + 15 

7 « 

Sept 

30 

7 - 

J 

f) 

Oet 

5 

3 + 

2 

Ol 

Oct 

9 

34 - 

8 

3-1 

Oct 

2S 

2 



Nov 

I 

s + 

I 

0 

Nov 

6 

4 - 

4 

9 i 

Nov 

24 

8 



Nov 

29 

4 - 

9 

4 i 

Dec 

4 

0 — 

7 

2, 

Dec 

22 

3 



Dec 

26 

9 



Dec 

31 

5 - 

5 

7 i 


If we follow any one of these vcitical columns, we shall find tliat the dates coiie- 
spoiid successively to all points of the lunation in a poiiod of 412 days The fiist 
obset vations ol each peiiod will he the last ones of the lunalion, and the last ones those 
made immediately aftci new moon Between each pan of peiiods will he a gap, gen- 
eially of thicc 01 four months, duiing which the rnooii was, at the coiiespondmg points 
of mocan anomaly, too neai the sun to be obseivcd If the obsei vations are equally 
scafteicd thiough each peiiod, all the eriois aiisingfiom eiioncous semi-diamctei and 
paiallactic inequality will be eliminated The gencial minuteness of these eiiois, and 
their approach fo a balance dining each of the pciiods in question, aie such as to lender 
them insignificant, if wo take the mean results, not by yeais, but by peiiods This is 
the coLiise adojited; the partial penods at the beginning and end of the entire senes of 

obsei vations being omitted The first peuod actually employed was that coiicsponding 
4 M 
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to the sc\(ant 240^-300°, in winch the first observation was made on Janiniiy 10, 
1847, and the la^t on Septenibci 1 8 of the same year The last period cor icsponded 
to the sextant i8o°-24o°, the last obset vation in which was on November 13, 185S 
There were, in all, ten periods cor responding to each sextant, and hence leii seis ol 
erpiations, each giving mean values of h, k, and Si foi periods extending tliiongb a lilile 
tnoic than a year Each residual gave an efjuation of condition, for Ihe eoelhc k'iiIs ol 
which the mean value corresponding io the entiic sextant was taken These vabu's loi 
the scveial sextants areas follow 


2 


Sin ^ 

cos^ 

sinY 

sin^cos^ 

cos"^ 

I 

u 0 

0-60 

"1- 0 4S 

+ 0 83 

0 23 

+ 0 40 

0 69 

2 

60- 120 

+ 0 90 

0 CO 

0 91 

0 00 

0 00 

3 

120-180 

+ 0 48 

- 0 83 

0 23 

— 0 40 

0 69 

A 

180-240 

— 0 48 

— 0 83 

0 23 

+ 0 40 

0 69 

5 

240 - 300 

— 0 g6 

0 00 

0 91 

0 00 

0 

0 

c 

6 

300-360 

— 0 48 

+ 0 83 

0 23 

— 0 40 

0 69 


The sums of the residual errors, corresponding to each pciiod and each si'xbmt 
arranged in chronological 01 del, together with the number of residuals ol which each 
sum IS foiiiied, are as follow 


Mean 

chtc 


iSn 

1S4S 

1S50 

TS51 

1552 

1553 
TS54 

1555 

1556 
1S5S 


I ? = 5 

t = 6 

1 = I 

7 = 2 

7 = 3 

2=4 

+ 6 5 

// 

4 - M 420 

It 

H“ 15 422 

It 

“ II 722 

It 

+ 9 O21 

It 

- 16 7,7 

6 7 

+ 8 7 

“ 33 ^^27 

— I 922 

+ 23 2, a 

e 31 5 i 7 

+ I 5 

- 34 ii" 

40 920 

“• 9 ist. 

+ 22 

+ 33 Qaa 

- 4 5 

“ 59 4 i» 

- 50 7j') 

~ 23 52, 

— 4 82, 

+ 20 6 ,, 

— 42 8 . 

~~ 50 O22 

- 48 o,r 

- 21 5,« 

+ 35 o.o 

+ 25 4 , 

- 31 2. 

1 06 9 

— 63 6.1 

H- I 2,7 

+ 6 O21 

38 o.> 

- 30 3i- 

- 94 6 j| 

- 35 42^ 

+ 4 2 js 

+ I 7 n 

24 4j(, 

24 3|4 

- 30 0,1, 

“ 7 320 

— 6 Qiq 

— 22 81s 

- 41 0,0 

- 36 2 

- 23 81, 

+ 15 4 h 

^ 4 22c 

- 48 521 

- 77 Or 

~ 54 9^ 

— 48 9 a. 

— 5 ^ 731 

- 47 6,0 

— 76 921 

— 46 2is 


each hoiizontal line corresponding to the mean of 

tiiitof cm'"'”" ■"Jot ■. as alica.Iy 

„.e ^ ”■ “-P”"'’-® ”■■■"'- «f obsorva,..,.., ,i.o 


+ {2 7 i, s,) h 4- M cj k=:27 
{ 2 c,) M + (2 71 , s , cO A + (^ n, c^) k = 2 c, 7 , 

each ho, ,so„taI U„e a.e shown m the next table, wh.ch also shows 
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the way in which they aic ticatccl Foi the Nike ol coiiipleieiiChS, the coiieispoiKling 
(pumtities aliCculy toiiiid (oi the peiioil 1862-74^0 added, and iiioliidoil 111 the discus- 
Moii, which now piocceds as tollo\v&, the method adopted being one which, though less 
iigoiouh than the toiinci one, will show 111 a stiongei light the evidence on which the 
new inequality depends 

Ah the basis ol the discussion, we take the independent valuch ot U and /q derived 
lioin each senes of observations, which values arc given in the second and third columns 
of the table A preliminary coinpaiison of the hist senes ot values (1847-58) with 
the values ol h and k derived fioin the Joimuke alieady given indicates a dimiiuition of 
the constant teims ol those quantities, so that, instead o( +o"64 and + o" 28, they 
b(‘conie, as a lirst aiipioximation, 

/i^o — o" 50 

A-u + o" 10 

These constants aie now subtiacted lioin the values ol h and leaving a senes ot 
lesidiials given in the touilh and tilth columns, which, il’ the [leiiodic tenn undei 111- 
vcstigalion has no evistence, should be legaided as due to enois ot observation, and, in 
the contiaiy ease, should be lopioscutable by the lonnnl.e 

h' zz. — oc sm (>M + ui) + accidental enois 
!>' ■=. a cos (y« + ni) + accidental enors 

'^Po show cleatly how tai they aic thus lepiesenfed, we deteininie a coefficient, oc, 
and an angle, N, by the equations 

a sin IV zz — // 
acotiJVzz // 

The next two columns give the seveial valui's of a and N thus obtained The 
iK'aily legiilai progiession ot the angle JV \t} too stnking to be oveiloidvcd To see how 
neaily this angle can he icpicscnted as one inci easing iinilbinily with the time, we solve 
the necessary cipiations ot condition by least squaies It is obvious that the gieatei the 
value ol a the nioie ceitain will be the value ot N we theietoie give weights piopoi- 
tioiial to oc Morcovei, weights ncaily twice as gieat in piopoition ate given to the 
second senes (1862-74) as containing the lesults tioin two ohseivatones, and being 
moie caielully collected The values ot and n thus obtained by the method ot least 
sqiiaies aic 

= 164'’ 6 d:; 4” 4 
n= 20 8 dz o 47 

The piobable eiioi ol a value ot JV oi weight unity comes out 

± 33 ° 

The lesiduals still outstanding aic shown in the colunin zJN This value ol n is 
2° less than that tound fioin the second senes ot ohseivations alone, and an evinnuation 
ot the icsiduals shows that there is a real discordance between the values of the angulai 
motion of N given by the two senes It is quite likely that the^ielativc weights assigned 
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to the oldei beues of obseivation« aie twice as gioat as they should be, and that the 
most piobable value of the angle Allies nearly half-way between the two values 

l6l°2-f-22°8 (t — 1868 5) 

and 

164° 6 -(- 20° S (t— 1868 5) 

found from the last senes alone, and from the two combined I judge that tin* most 
probable value is 

IY= 163° 2 -f 21° 6 (i- 1868 5), 

and that the piobable ciioi of the annual motion is more than half a degiei', but h'ss 
than a degree The column shows the lesiduals given by this value (d N 


a iV Wt /i A A 


Mean 

date 

1 

i 

// 



/ 


1 

// 


! 

1847 

8 



0 

oS 


0 

55 


0 

n 

53 

1S4S 

9 

- 

0 

55 

- 

I 

33 

— 

I 

05 

1S50 

I 

- 

0 

20 

- 

I 

91 

— 

0 

70 

1S51 

2 

- 

0 

33 

- 

I 

92 

— 

0 

82 

1S52 

4 

4- 

0 

26 

~ 

2 

45 

— 

0 

24 

1S53 

5 

+ 

I 

10 

- 

I 

88 

4 - 

0 

60 

1S54 

6 

+ 

I 

45 

- 

I 

40 

+ 

0 

95 

1S55 

8 


0 

77 

+ 

0 

31 

H- 

0 

27 

1S56 

9 

+ 

I 

76 


I 

82 

+ 

I 

26 

1858 

1 

I 


0 

17 

+ 

0 

66 

- 

0 

67 

1 

1 1SG2 

5 

+ 

0 

04 

+ 

I 

23 



0 

46 

1S63 

5 

- 

0 

64 

+ 

I 

73 



I 

14 

j iSt)4 

5 

- 

I 

07 

+ 

I 

09 



I 

57 

1865 

5 

- 

I 

03 

— 

0 

15 

— 

I 

53 

1 866 

5 

- 

0 

47 

4- 

0 

10 

__ 

0 

97 

1S67 

5 


0 

93 

- 

0 

36 

— 

I 

43 

i 36 S 

5 

+ 

0 

34 

- 

I 

46 

— 

0 

16 

1S69 

5 , 

+ 

I 

67 

- 

I 

56 

+ 

I 

17 

1870 

5 

+ 

I 

48 

- 

I 

14 

-f 

0 

93 

1S71 


+ 

I 

65 , 

- 

0 

36 

+ 

I 

15 

1S72 

5 1 

-f- 

2 

15 i 

- 

0 

12 

4 - 

I 

65 

1S73 

5 1 

4 - 

I 

1 

91 ; 

O- 

0 

16 

+ 

I 

41 

1874 

5 

1 

+ 

I 

92 1 

+ 

0 

60 


I 

42 


- 27 ^44 

“•20 - 36 


+ 18 + I -i 

+ 27 -f 21 

+ 23 -f K) 


+ o 45 o 74 52 

— I 48 I 82 145 

— 2 01 2 13 161 

— 2 02 2 i8 158 

“ 2 55 2 56 175 

— I 98 2 07 197 

— I 50 I 77 212 

+ o 21 o 34 308 

+ I 72 2 13 328 

H- o 56 o 88 50 

+ I 13 I 22 22 

I 63 2 03 31 

4- o 99 I 85 58 

“ O 25 I 55 gg 

o 00 o 97 go 

— o 46 I 50 108 

“ ^ 56 r 57 174 

— I 66 2 03 215 

— I 24 I 58 218 

— o 46 I 24 248 

— o 22 I 66 262 

+ o 06 I 41 272 

+ o 50 I 50 289 


coeJtttt “ f'-'"* f- ‘he vnlnc of ,l,„ 

The old senes, a :r I " 66 
The new senes, a~ 

the coefficient I consider therefoieThaUhl vX mcicasc the value of 

T' 50 
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iiuiy he ci«l(>j)lc(l dh tlio iiiohl piobdblo which cau be deiivotl (loni all the obset vafioiis 

II we biibttaci, lioin each value ol h and k iii the preceding table, the penodic 

[lOlllOllt. 

50 bin [163° 2 + 21° 6 {t— i868 5)] 

!>' — \" 50 cos [163° 2 + 21° 6 (/f— 1868 5)] 

iiiid bike the me, in value ol tlie oulslanding icinaindoi foi each seiios of ohseiVcilions 
w i‘ find it I0 bo as lollows 

Old senes, //o = + o"33, — — 

New SCI 10s, Zio zz + d' 65 , 7.0 = + d' 36 

Tlio (lilleieiK es, o" Ol and d' oS, between these last values and those (ound on page 
2 ^ ,iiise liom the (hlleient value of the peuodic teim I considoi th.it the lesiilts ol the 
second senes aie entitled to throe times the weight ol those ol the hrst, and shall thcrc- 
loie ])ul loi the delimlive values ol h and /r, 

k — d-d' 57 + //' 

7 , — + d' 23 4- 7 ' 

'The (oiiesponding collections to the cccentncily and longitude ol peiigcc aie 

— — o" 29 
V Stt — 12 

Stt — 2" 2 

'rile ooneclioiis to the moon’s longilude aic 
<y — — // sill g — 7 cos g 

= — o" 57 sin g — d' 23 cosg + T' 50 sin (g + IV— 90'^) 

'I'lie Listtenn is the hitheilo-uiisuspectod incipiality indic.ited byobscivatioiis, hut not 
yet known to be given by tlieoiy It may be cithei an inequality of the eccciitncity and 
peiigi'e having a penod ol about i6j yeais, 01 one ol the moon’s mean longitude having 
.1 pel 10(1 ol 

2 7’’ 4304 dz o'’ 0040 

Sulistiinting lust lot IV, and then loi g, then values in tennsol the tune, the c\pics- 
sioii loi lh(‘ inequality ol longitude becomes 

i" 50 sin [g+ 73° 2 + 2 i° 6 (/— 1868 5)] zz 1" sosin (56'= 8 + 13° 12413 t), 

r being the tune 111 days counted fiotn Greenwich mean noon of 1850, Jan o 

It vv'ould pcihaps be picmatuie to introduce so piiiely cinpiiical a teim as tins 
into liiiiai tables loi poiinanont use, but where, as at present, it is requisite to obtain the 
collections to the tables during a limited peiiod with all possible accuracy, the evidence 
in l.ivoi ol the le.ality ol the teim seems strong enough to pistify its introduction The 
only appaieiit cause to winch the lei in can be attiibuted is the attiaction of some one 
ol the planets 

III the investigation of corrections to the longitude, it only remains to dctciniine 
lire slowly-vaiying collections to the mean longitude, or to ndz, given by the obseiva- 
tions 'To determine the eiiois ol short period, we have applied several corrections to 
lire icsiduals, not as real, but only to render the various obseivations comparable Wc 
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have now to consider the jnu'e results of observations as Ihey would have been had these 
corrections not been ai>plied. These for the second series of observations are found 
by taking the siiin ol (i) the mean of the small corrections, applied on account of 
ol)servatary and limb, to compensate for the systematic ditforences between results from 
dilferent lind)s or dillcrcnt observatories; (2) general corrections to make the residuals 
in the mean very small ; (3) remaining outstanding correction found by solving the 
er|uations of condition. 

The corrections from both series arc as follow; the corrections since 1862 may 
be very closely represented l.)y a term increasing uniformly with the time, us is sliown 
hy the last two columns. 

First scries. 


j 

Date. 

1 


Date. 

n (h ; 

1 

1847.8 

~ 0.15 

1853-5 

+ 1.77 

1848.9 

~ 0.43 

1854.6 

-f- 1 . 4(3 

185(3. 1 

-f 0.32 

1855. s 

+ 1,24 

1S51 . 2 

H- 1. 13 

IS56.9 

+ 1.50 

1S52.4 

+ 0.93 

I85S.T 

H- 2.40 


Second series. 


Year. 

(0 

(2) 

(3) 


/I () 

- 

a 



A 

1S62.5 

4- 

0 

^5 

-1- 

2 

10 

-t 

0.04 


2 

59 

-h 

1.52 

-h 

1.07 

1S63.5 

+ 

0 

45 

4, 

I 

20 

- 

0.27 

-p 

I 

38 

4_ 

0.60 

4* 

0. 78 

1864.5 


0 

00 


(3 

00 

- 

0.49 

- 

0 

49 

- 

0.32 


0.17 

1865.5 

— 

0 

15 

- 

I 

15 

-- 

0. 62 

- 

I 

92 

- 

1.24 

— 

0.68 

1866.5 

— 

(3 

15 

- 

2 

00 

- 

0.75 

- 

2 

90 


2. iC 


0.74 

1S67.5 

— 

0 

15 

~ 

3 

40 


0.41 

- 

3 

96 

- 

3.0S 

- 

0.88 

186,8.5 

— 

0 

15 

_ 

4 

05 

- 

0.20 

~ 

4 

40 


4.00 

__ 

0.40 

1S69. 5 

+ 

0 

oS 

- 

4 

S5 

- 

0. 21 

- 

4 

98 

— 

4.92 

— 

0.06 

1S70.5 

4- 

0. 

08 


5 

50 

- 

0.09 

- 

5 

51 

- 

5.84 

_1_ 

0*33 

1871.5 


0. 

00 


6 

35 

- 

0.52 

- 

6 

87 


6.76 

— 

0. 1 1 

1S72.5 

— 

0. 

15 


7 

25 


0. 22 

- 

7 

62 


7.68 

4- 

0.06 

1S73.5 


0. 

00 

- 

8 

30 

4" 

0. 10 


8 

20 

- 

8.60 

4- 

0.40 

1874.5 


(3. 

00 

— 

9 

45 

4_ 

0-38 

— 

9 

07 

— 

9.52 

4- 

0.45 


31 


§ 2 

iNVESriGAllON THE POLAR DlSl’ANCL AND LAI I RIDE 


It IS a singular ciicunistance that duung tlic last si\ yoais, at least, the obsciva- 
tioiis of the moon’s polai distance arc much less accurate than those of its right ascen- 
sion 'VVhcthci this IS to ho attiihiited to the instiumenls, or uhethei it is a lesult ot 
great inegiilaiitics in the outline of the lunar globe m tlie polai regions, cannot at pics- 
ent he decided To whatevei cause we attuhutc the ciiois, tlieii oMstence icndeis a 
iigoioiis tioatmenl ol the iii'lividual obseivations of little value We shall tliciefoic, 
from the whole of the eiiois in declination, seek to olitain the best collections to tlic 
inclination and node of the moon’s oibit 

Fiom the deiivativcs of the moon’s declination lelatively to its line longitude, Ihe 
inclinaiion, and tlio node, wlindi have alicady been given, we obtain 


(U ~ do (h 


SI being known fioin Ihe data alicady given, flu* equations of condition will be 
thiown info flu' foiin 

dS o I dS n « ^ dS 

- ,'t SO Si = oS — ,, S/ 

I, do di dl 


Fioin flic iiiiineiioal cvpiessioiis alicady given, wo have 

SI — see S [ (o 40 -f- o o8 cos 0 ) cos /-f o 08 sin 0 sin /] S! 
dl 

II wo put 

A A — the emieition to the moon’s iiK'iui longifiide, 

K — o 40 -}- o oS cos 0 , 

J[ = 008 sill 0 , 

we liave Ihe (pianfities o( the hist oidei, wifli lespeef, fo tlie eeieiiliK ilu's, 

— [A" cos / -|- /rsin /] [i fos ('I — ^) ] S 

(IK. 

The largest teims in sec S aic 

I 040 -j- 016 cos 0 — 040 cos 2 A — 016 cos (2 A — i 9 ), 
while, if we reiilacc ! by the mean longitude, A, we shall havi' 


/ — A 2 e sin (A — ir) 
sin ^ ir: sin A -f e sin (2 A — ;r) — e sin tt 
eos I — cos A -|- c cos (2 A — tt) — e cos tt 


dS 


If we substitute these various quantifies in the expiession foi - - A/, we shall find 

(I i 
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no sensible teuns depending on the sine oi cosine ot the ntguiiient of lai il iide, A. — 0 1 1 

we substitute foi < 5 / its value in 5 A, we shall find the piincipal tciinhin cos d 


lo 


be 


K cos X H i>in X 2 fi K cos (2 A — ff) + 3 c //sin (2 A — ;r) 


In consequence of the gieat number of icvolutions of the moon Ihioiigh which tlu' 
obseivations now undci discussion extend, I have considered that all cvccjit thi' (list Iwo 
teuns might be tieatcd as accidental eirois, which would cancel omdi olhei dining tlie 
couise of the observations Using for SX the mean corrections fo the moon’s longifiidis 
we have the following values of the collection to the declination foi llioso (miois of 
longitude 


Year 

// 

Coi rcction 

// 

1862, 

+ 09 

COS 1 — 0 2 

1863, 

+ 06 

— 0 I 

1864, 

— 0 I 

00 

1865, 

— 0 6 

+ 01 

1866, 

— 0 8 

00 

1867, 

— 0 r 

— 0 T 

1868, 

— I 4 

— 0 2 

1869, 

- I 8 


1870, 

— 2 2 

-^04 

1871, 

— 28 

— 0 6 

Cl 

CO 

33 

— 0 6 

CO 

■ -38 

-05 

CO 

— 42 

-04 


The mean collection to the moon’s tabiilai noith-poLu distance loi eacli .mmi, lioni 
obseivations of each limb at each observatoiy, was taken with a view^ ol deled ing .in\ 
constant ei 101 of sufficient magnitude to affect the final lesults foi eiiois of the node 
and inclination These means should have been taken aftei fho iipphc.itioii of flip ( 01- 
icctions ]ust found actually, however, they aie the mean coiicdioiis givim by llie 
obseivations, after applying the following constant collections to leduce fli(‘ diu liii.ilions 


to the same fundamental standaid 

To Greenwich observations oi N P D 
// 

1862-67, — 04 
1868-74, +02 


To Washington observations ol N P 1) 


1862-65, 

1866-67, 

1868, 

1869, 
1870-72, 
I 73 - 74 . 


+ 05 

1 I 

— I 2 

— 06 

— 04 

O O 


These coirections are appioxiraatcly those nccessaiyto i educe the stai-obseiv.i- 
10ns of the several yeais to Auwers’s standaid of decimation The cliangc in the Gu'cn- 
wich coriection between 1867 and 1868 probably aiises fiom the intioductioii of a new 
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coiisiiint of lefiaction. in 1868, while the change 111 the Washington correction in 1866 
coi responds to the introduction of the large transit ciicle in place of the old mural ciiclc. 



Correction to N 

? D given by — 

Year 

Greenwich 

Washington 


N L 

S L 

N L 

S L 


It 

11 

n 

n 

1S62 

— 0 1 

— 0 8 

“03 

“ 0 8 

1863 

-{-02 

- 0 9 

- 0 5 

“II 

1864 

+ 04 

- 0 6 

+ 08 

“ 0 9 

1865 

-h 0 5 

“02 

+ 12 

“02 

1 866 

- 0 7 

— 0 3 

+ I 4 

“ 0 6 

1867 

- 0 4 

“ 0 6 

+ 01 

— I I 

1868 

- 0 7 

“10 

+ 02 

-1-0 2 

i86g 

— 0 I 

— 0 6 

“ 0 8 

“ I 7 

1870 

— 0 6 

“01 

“01 

“ I 8 

CO 

— 0 2 

~ 0 8 

-h 2 I 

“ I 8 

1872 

0 0 

0 0 

“ 0 7 

“ 0 8 

1873 

- 0 9 

+ 0 I 

+ 20 

“ 0 I 

1874 



“ I 7 

- 0 5 


The laigc icsiduals of the Washington obscivations of the south limb led to the 
application of the faithci systematic collection of + i" o to all those observations before 
coiiibiniiig them all The collections aiising fiom the ciror of mean longitude were 
then applied, and the outstanding icsiduals wcie consuleied to arise from accidental 
oirois and fiom eiiois of the inclination and node The equations of condition thus 
become 

o 92 sec S [sin (/ — &) 61 — cos (I — 6')i ^0] = Sd 
01 

sin {I— 6 ) St — cos {I — 0 )tS 9 z=. 1 09 cos S'^SS 
Owing to the smallness of the final residuals, SS, the factor i 09 cos S may be consid- 
01 ed as a constant, and, in the actual solution, has been put equal to unity Its mean 
value IS more exactly i 04, and its effect may be obtained by dividing the final results 
by this factor 

The final values of the residuals wore then arranged according to the values of 
A — 0, or the moon’s mean argument of latitude, as the residuals in right ascension were 
ai ranged according to the mean anomaly The sum of the icsiduals corresponding to 
each interval of 20° in the argument, with the coi responding number of observations 
for each year, is shown in the following table : 

5 M 
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Sums of eirors of the moon's corrected decUnahon, given by observations at Gieenwicb 

and Washington 


1 Limits of? 

1862 

1863 

1864 

1865 

1866 

1867 

1868 

SJJ 

N 

2 66 

N 

2 66 

N 

266 

N 

2 66 

N 

2 66 

N 

2 66 

N 

O 0 

0 to 20 

// 

- 3 8 

8 

n 

+ I 3 

3 

n 

+ 40 

8 

It 

+ 54 

9 

n 

+26 7 

II 

II 

- 2 5 

8 

II 

+ 04 

9 

20 to 40 

+ 96 

9 

+ 58 

7 

- 0 4 

9 

+ 60 

7 

+ 26 

12 

-*2 3 

9 

— 6 I 

17 

40 to 60 

- I 4 

9 

+ 69 

10 

+ 6 5 

6 

+ 9 7 

7 

+ 40 

9 

- 4 9 

10 

“79 

15 

60 to 80 

0 0 

7 

+ 16 4 

10 

+ 66 

8 

+ 8 7 

12 

— I I 

16 

414 5 

II 

- 0 3 

5 

80 to TOO 

4-8 6 

II 

+ 04 

12 

+ II I 

6 

+ 79 

II 

+ 5 5 

7 

+ 05 

10 

— 12 8 

12 

100 to 120 

+ 32 

7 

+ 8 5 

15 

+ 32 

5 

+ 74 

7 

— I 0 

8 

— 6 I 

6 

+ 02 

6 

120 to 140 

- 9 2 

12 

+ 3 I 

8 

— 6 I 

8 

+ 08 

II 

+ 11 9 

14 

— 12 4 

8 

- 6 8 

II 

140 to 160 

- 0 3 

4 

- 4 6 

9 

— 2 2 

5 

- 9 7 

15 

— I 2 

10 

- 7 7 

12 

+ 62 

14 

160 to 180 

+ 0 5 

9 

— 10 4 

6 

— 10 4 

12 

+ 05 

9 

+ 22 

10 

- 8 9 

9 

— IT 2 

9 

180 to 200 

- 8 6 

6 

- 5 7 

II 

— 0 6 

7 

~ 5 3 

12 

- 7 7 

6 

-15 2 

14 

+ 3 I 

10 

200 to 220 

—22 3 

8 

— II 6 

10 

+ 47 

12 

- 5 4 

9 

- 3 3 

10 

- 6 8 

14 

~ii 8 

XI 

220 to 240 

-14 4 

12 

— 10 2 

9 

- 8 8 

10 

— I 0 

7 

— 2 0 

13 

- 5 9 

12 

— 10 0 

13 

240 to 260 

— 12 4 

7 

— 12 3 

9 

- 4 I 

8 

+ 46 

II 

+ I 2 

9 

— 0 6 

9 

- 9 2 

15 

260 to 280 

- 2 3 

4 

3 2 

4 

- 8 5 

8 

+ I 5 

9 

- 5 3 

9 

+ 10 

8 

+ 19 

9 

2S0 to 300 

— 2 2 

7 

- 4 3 

8 

- 8 4 

II 

- 4 0 

4 

“ 3 5 

9 

-II 4 

13 

0 0 

13 

300 to 320 

- 7 I 

10 

- 6 2 

10 

+ 96 

8 

+ 3 I 

5 

— 0 I 

13 

- 3 4 

10 

+ 04 

8 

320 to 340 

-1-20 

7 

+ 34 

8 

+ 60 

12 

+ 86 

6 

+ 84 

II 

+ 2 I 

9 

“ 6 7 

14 

340 to 360 

+ 73 

5 

- 6 5 

5 

+ 49 

13 

+ II 6 

8 

+ 70 

14 

+ 29 

3 

“ 3 I 

12 


—84 0 

142 

-75 0 

154 

-49 5 

156 

—25 4 

159 

—25 2 

191 

“93 I 

175 

-85 9 

203 


+31 2 


+45 8 


+ 56 6 


475 8 


469 5 


+ 21 0 


+12 2 


• 

~52 8 


—29 2 


+ 7 I 


4-50 4 


444 3 


-72 I 


“73 7 
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Sums of errors of the moon's corrected decimation, iCc — Continued 


Limits of ^ 


1869 


1870 


1871 


1872 


1873 


1S74 

SfM 

N 


N 


N 


N 



N 

166 

N 

0 0 

0 to 20 


n 

7 I 

8 

n 

+ 37 

7 

// 

- 3 8 

5 

It 

— 8 0 

6 

+ 9 

0 

9 

It 

+ 7 7 

12 

20 to 40 

+ 

II 2 

8 

+ 66 

10 

— 0 I 

4 

- 7 0 

6 

- 7 

7 

10 

- 7 5 

7 

40 to 60 


6 4 

7 

+ 86 

10 

— 0 8 

II 

— I 2 

10 

— 2 

8 

4 

- 17 0 

II 

60 to So 

- 

5 0 

9 

+ 3 5 

7 

+ 13 2 

II 

- 5 I 

7 

-13 

7 

7 

- 25 4 

14 

80 to 100 

- 

2 0 

11 

+ 62 

9 

+ 13 I 

9 

- 3 7 

8 

+ 4 

8 

9 

- 5 3 

6 

100 to 120 

- 

13 7 

7 

— 6 2 

12 

- 6 3 

9 

— 2 0 

8 

— I 

0 

9 

— 22 4 

12 

120 to 140 

- 

II 4 

9 

+ 45 

7 

- I 9 

8 

+ 02 

14 

- 2 

2 

4 

+ 2 I 

6 

14.0 to 160 

- 

15 4 

12 

-ti 7 

II 

- 4 6 

7 

- 8 9 

9 

+ 7 

4 

5 

— 12 6 

II 

160 to 180 

- 

2 5 

11 

- 5 7 

13 

- 5 I 

9 

- 4 6 

12 

- 3 

9 

7 

- 5 9 

10 

iSo to 200 

- 

5 4 

9 

- 0 5 

6 

+ 54 

II 

— 6 0 

3 

- S 

6 

7 

- 7 2 

8 

200 to 220 

- 

5 4 

4 

— 10 2 

12 

— 6 2 

10 

- 2 9 

9 

+ 5 

2 

7 

- 19 3 

12 

220 to 240 

- 

6 6 

6 

— I I 

9 

+ 9 I 

M 

“ 4 5 

10 

2 

7 

5 

- 15 2 

6 

240 to 260 

- 

18 4 

12 

— II I 

8 

+ 5 

8 

4 13 7 

13 

+ 14 

S 

12 

- 4 6 

6 

260 to 280 

- 

7 7 

7 

-15 4 

15 

— 6 2 

7 

+ 22 

II 

+ 20 

7 

9 

- 2 5 

6 

280 to 300 

- 

II 4 

13 

— 10 I 

5 

+ 3 ^ 

8 

+ 38 

9 

+ 3 

3 

10 

- 5 5 

13 

300 to 320 

-1- 

5 3 

7 

- 9 I 

7 

+ 3 8 

8 

- r 3 

II 

+ 4 

3 

8 

+ 03 

10 

320 to 340 

+ 

5 7 

5 

-10 3 

12 

- 5 8 

9 

— 12 2 

12 

+ 14 

0 

7 

+ 40 

10 

340 to 360 


0 0 

10 

— I 2 

6 

— 6 3 

5 

+ 03 

9 

+ 7 

2 

II 

- 3 9 

9 


— 

104 9 

155 

—92 6 

166 

-47 1 

153 

-67 4 

167 

-42 

6 

140 

-154 3 

169 


+ 

35 7 


+ 33 I 


+ 53 8 


+20 2 


+90 7 


+ 14 I 



- 

69 2 


-59 5 


1-67 


-47 2 


+48 

I 


— 140 2 



The gcnoiul iircgulanty of the losiduals in declination is such that no gieat advan- 
tage would lesult in a sepaiatc solution ol the equations loi the sepatate yeais The 
sum ot the icsiduals lor each 20° of the aigiimeiit was theicloic taken duiiug the whole 
thiiteen ycais of ohscrvation, with the following icsult 


1 

1 A 6 

N 

7 -0 

1^6 

N 

o 0 

0 to 20 

n 

+ 47 2 

103 

0 0 

180 to 200 

It 

— 62 3 

no 

20 to 40 

+ 10 7 


200 to 220 

- 95 3 

128 

40 to 60 

+ 61 

no 

220 to 240 

- 73 3 

126 

60 to 80 

+ 12 3 

124 

240 to 260 

— 32 8 

127 

So to 100 

+ 34 3 

I 2 I 

260 to 280 

— 23 8 

106 

100 to 120 

— 36 2 

III 

280 to 300 

- 50 I 

123 

120 to 140 

— 27 4 

120 

300 to 320 

- 5 4 

115 

140 to 160 

- 65 3 

124 

320 to 340 

+ 19 2 

122 

160 to 180 

— 65 4 

126 

340 to 360 

+ 20 2 

no 
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Leaving in the equations a constant term Sp, lepiesenting the mean constant ciioi 
still outstanding in the measures of declination, the solution of the cipiations of con- 
dition given by the lesiduals gives the following results 

— o" 1 7 
+ 15 

z^d=: — o" 40 
or, 

Coirection to the inclination, — o" 15 

Coirection to the longitude of node, -{-4" 5 
This correction to the longitude of the node fiom Hansen’s tables implies a dinii- 
iiution of the secular ictrograde motion of the node, which is quite accordant with Ihe 
results derived from ancient eclipses Hansen reniaiks that an increase of 12" pci cen- 
tury in the longitude of the moon’s node will improve the agiecmciit of his tables wilh 
ancient eclipses,* and, if we suppose the tabular longitude of the node to have been col- 
lect in 1825, this would imply a correction of d- 5" 2 to the longitude of the node 
in 1868 


Daileguug, etc ,Tli ii, p 391 
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§3 

AUXILIARY TAliLES FOR tACILlTAIING THE COMPUIATION OF THE CORREC- 
TIONS TO HANSEN’S “TABLES DE LALUNE”, GIVEN BY THE PRECEDING DIS- 
CUSSION 

The following IS a summaiy of the collections to the longitude of the moon fiom 
Ilauscii’s tables given by the preceding discussion The first six terms aie applicable 
to the distuibcd moan longitude, or ^’■Argument fondamental" , the remainder to the 
tiuc longitude, but they may all be used as ooircctions of the ^^Aygxmeni fonchmentaV' 
without sciious eiioi 

Coiieciioni) on account of dminulion of the solar paiallax . . n Sz — -{■ o" 96 sin D 

+ 0" 07 sin {D — g) 

— o" 1 3 sin {D-\-g') 

On a^'caunt of hjimthekis (June px ovist onalhj set aside'), that 
the moon's ccntei of giavdy does not coincide with the 
ten let of ft gme, togethei with the conechou to the evec- 
tion n'snllnng jioni the tonetlion to the eccenti icitij n Sz = -d-o" 09 sin 

— o" 33 sin 2 ]J 

— o" 2 1 sill (2 i) — ") 

On aaoni/l of teiin accideulallij inti oduted into 

the tables tenth a wt ong sign Svzz — ©''^62 sin (2g — 4g'-f-2m — 4 co') 

On account of collection to the cccenti icity andpciigce 

found ft om ohsei mtions during 1 847-74 di? n: — o" 57 sin g — o" 23 cos g 

zz o" 62 sin (g 202° o) 

Emyiiical teim, tiecessaiy to satisfy ohsei nations, 

hut not vei ficd hy theoiij + 1" 50 sin [g -j- 2 1 ° 6 ( Y— 1865 i ) ] 

IJiieridaiiied coirection to the mean longitude, changing slowly fiom yeai to 

year See Table IV 

The deduction of all these terras, except the last, has been fully given m the pie- 
ceding pages This secuhu eorrection to the mean longitude has been derived fiom the 
oulstciiiding eiiors of mean longitude given on page 30, m the column ndz, by suppos- 
ing this quantityto vaiyaccoiding to some simple law, which law changes when neccssaiy, 
so as to satisfy the observations within the mean limits of their probable error An 
examination of Table IV shows, that, from 1848 o to 1855 5, the coirection is supposed 
to metease uintoimly at the rate of o" 20 per annum It is then supposed to remain 
constant until iieaily 1863 o, a period during which the observations aie not continuous^ 
theic being no compaiisons with theory from 1859 to 1861 inclusive Fiom 18630 
until the piosent time, the observations are well represented by the coirection 
— 5'' 53 — 0'' 86 (t— 1870 o) +0" 02 (t— 18700)® 

The continuance of this correction beyond 1875 o is, of course, purely conjectuial 

TABLES FOR APPLYING THE PRECEDING CORRECTIONS. 

The following tables are designed to facilitate the computation of the coriections 
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just given. To avoid the necessity of referring to Hansen’s tables, the values of all ihe 
necessary arguments are given for the years 1850 to i88g in Tables I to III. 

Table I: the epochs are January o, Greenwich mean noon of common years, and 
January i of leap years. All the arguments increase unitbrinly by a unit in a day. 

Argument g is the moon’s mean anomaly, converted into days by dividing its e.x- 
p ression in degrees by 1 3.065. It is equal to Hansen’s argument g diminished by 1 5 days. 

Argument D shows the number of days since mean new moon, or, it is the mean 
departure of the moon from the sun expressed in days. It is equal to Hansen’s argu- 
ment 33 diminished hy 30 days, or, whicli amounts to the same thing, by o'lq^. 

Argument A gives the number of days from the time when the angle 

2g — 4g'-f-2G5 — 4®' 

was last zero. 

Argument B is that of the empirical term indicated l)y ol)scrvations, but not given 
by theory. 

Argument u is that of latitude, or the number of days since tli(3 mean moon last, 
qrassed her ascending node. 

Tables II and III do not seem to need explanation. In using the formei-, care nnisi, 
be taken to diminish by one day the dates for January and Fel>ruary of leap years. 

Table IV gives the secular corrections to the mean longitude, or to nSz, obtained 
from observations in the manner already described. 

Table V, argument A, gives the correction for tlie term introduced into tlio tables 
with a wrong sign, described on page 9. It is properly to be applied to the true longi- 
tude, and is therefore designated as 6 v. 

Table VI gives the empirical term, which, so far as is known, may be a j)i)lied to the 
true longitude. 

Table VII gives the sum of the terms of mean longitudct 


A- o'hgb sin I) 

— o''.33 sin 2 1 ) 

— o'hi3sin {D-Ag') 
-f- o'hog sin g' 


The sun’s mean anomaly, g' , having a period of a year, the sum of these terms c 
be expressed as a function of D and the month, and is given in the table for the mid( 
of each month, and for each day of D. 

Table \TII gives the sum of the terms of true longitude which depend wliolly 
partly on the moon’s mean anomaly, namely: 


iUI 

lie 


or 


+ o’h62 sin (g -f 202'’.o) 

-f o" .oy sin (Z> — g) 

— o".2 1 sin (2 i> — g) 

^ The sum of the terms of ?i dz are to be reduced to corrections of the longitude in 
orbit by multiplication by the factor 

1 + 26 COS «• + -5 e" COS 2 + 

This factor, less unity, is given in Table IX. 
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Foi convenience, the unit of the factoi is omitted flora the tabulai numbeis, so that 
it IS only iicccssaiy to add the piodiict F'X^n dz in with n Sz and do to have the cor- 
rection of the tine longitude iii oibit 

These collections being applied to the longitude of the moon’s center fiom Han- 
sen’s tables, that longitude may be legaidcd as conect, excepting a small collection, 
which may piobably be regaided as constant dining any one peiiod not exceeding six 
months, and which may be attiibuted to the adopted position of the ecpiinox It will 
be best dctcimined fiom occultatioiis of stais obscived at points whose longitudes fioni 
Gieeiiwich aic accurately known by telegiaph, and will then be applicable to the 
detciinination of the longitude of any station fiom occultations 

If the collections licic deduced aie applied to the crrois of the lunar ephcineiis 
(Iciived liom meudian obseivations, it must be lemcmbeied that these observations aie 
made on the moon’s limb, while the collections aic applicable to the center Hence, 
the value of the moon’s semi-diameter must, if great icflnement is aimed at, be varied 
with the obseivci, the iiisti umciit, and the biiglitness of the sky For large iiistiu- 
mciits, Ilcinscn’s seini-diametei is about i" too gicat, even at night 

The sum of all the tciins of n dz. So, and FyC^n dz from the tables will be the 
collection of the longitude in mbit Tins will not be iigoiousl^ the same as the collec- 
tion to the ecliptic longitude 

Table X gives the small factoi {F P) by which the oibit longitude must be inci eased 
01 diniimshed to obtain the ecliptic longitude This factor may geneially be disregaidcd 
Tabic X also gives the data foi fhe collection of the moon’s latitude, namely, (i) 
a factor (F /?) by which the collection of the moon’s aigiinient of latitude must be 
multiplied, and (2) the term 

<5/?i — o" 15 sill u 

arising fiom the collection to the tabulai inclination of the moon’s oibit The collec- 
tion of the moon’s aiguincnt of latitude being that ol her longitude, minus the collection 
of hei node, the whole collection to the latitude will be 

Table XI gives the flictois for converting collections of longitude and latitude info 
coirections of light ascension and decimation The formulm are 

S zzSv (v a) Sv + (/? a) S /3 
<5 Dec zzi S /3 (v S) So -f- (/? S) <J/? 

The side aigimiciit is the moon’s longitude, and in the coefficients (v a) and peihaps 
(/? a) icgaid must be had to the moon’s latitude also Three columns are therefore 
given foi latitude, — 5°, 0°, and -j- 5° respectively 
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As an example of the use of the tables of corrections, we will commence the 
determination of the corrections for September, 1874. Wc find the values of the argu- 
ments for September i, from Tables I to III, as follows: 




D 

A 

B 

u 

1874 . . . 

5.4 

12. 1 

8.0 

20.0 

1.9 

Sept. I . 

23.6 

7.8 

1.9 

24.6 

26.2 

Periods . 

—27.6 

• ‘ 

• • 

-27.4 

1 

to 

10 

Arg. Sept. I . 

1.4 

19.9 

9.9 

17.2 

0.9 

Arg. Oct. I . 

3-3 

20.3 

39-9 \ 
or 7.8 J 

47-2 1 
or 19.8 ) 

30.9) 

or 3. 7$' 


-0 = 19.9 
1-4 
18.5 


The tabular numbers are then found as follows, with. an argument increasing by 
unity each day. From Table VIII, we take a mean from columns 18 and. 19. 


September 

I. 

2 . 

3. 

4. 

5 - 

6 . 

7, 

8 . 


n 

// 

It 

„ 

,, 

,, 

1, 

It 

Table IV . 

- 9. II 

- 9. II 

— 9. II 

- 9. II 

— 9.12 

— g. 12 

— 9. 12 

- 9.12 

V ((k/). . 

4- 0.40 

4- 0.55 

•f 0.62 

+ 0 59 

+ 0.48 

+ 0.28 

4- 0.05 

— 0. iS 

VI (fk;) . 

- 1.07 

— 1.29 

— 1.42 

- 1.50 

— 1.48 

— 1.40 

— 1.23 

— I. or 

VII (.z(k). 

— 1.29 

- 1.25 

— I.I 2 

-- 0,95 

— 0.76 

— 0.56 

- 0.37 

— 0.22 

Vin {( h ) . 

— 0.65 

— 0.72 

— 0,77 

— 0.7S 

- 0.75 

— o.6g 

— 0.60 

— 0.4S 


— 11.72 

— 11.82 

— 11.80 

-11.75 

— 11.63 

-11.49 

— 11.27 

— I I. or 

w (k X A, Table IX 

— 1. 12 

— 0.93 

— 0.71 

- 0.47 

- 0.2S 

— 0.06 

4- 0.18 

+ 0.37 

Jf; 

— 12.84 

-12.75 

— 12.51 

— 12.22 

— II. 91 

-11.55 

— 11.09 

— 10.64 

(h — 4". 5 . . . 

--17.3 

— 17.2 

— 17.0 

— 16.7 

— 16.4 

— 16.0 

-15.6 

~i 5 .i 

Table X (F . /?) . 

+ 0,088 

+ 0.082 

+ 0.070 

+ 0.056 

+ 0.038 

-P 0.019 

— 0.002 

— 0.022 


- 0.03 

— 0.07 

— O.IO 

— 0.12 

— 0.14 

— 0.15 

- 0.15 

— 0.14 

(<!z/- 4 ". 5 )(F. /?). 

- 1.52 

- 1.38 

- I.I9 

- 0.93 

— 0.63 

— 0.30 

4- 0.03 

4 - 0.33 



- 1.55 

- 1.45 

— 1.29 

-• 1.05 

- 0.77 

— 0.45 

— 0.12 

4- 0.19 


0 

0 

1 

0 

0 

0 

0 

0 

0 

]) ’s longitude . 

46.5 

60.7 

74.6 

88.1 

ior.5 

XH .5 

127.4 

140.0 


// 

n 

It 

n 

It 

tt 

II 

,, 

. a)) . . 

— 13.08 

■“I 3-49 

—13.84 

— 13.81 

-13.39 

— 12.61 

—11.62 

— 10,67 

(j 3 .a).i /3 . . . 

+ 0.47 

+ 0.32 

+ 0.16 

+ 0.02 

— 0.07 

— 0.09 

— 0.03 

4- 0.06 

dAL . . . . 1 

— 12.6 

— 13.2 

—13.7 

-13.8 

-13.5 

— 12.7 

— II . 6 

— 10.6 

— OS. 84 

1 

q 

CO 

CO 

— o«. 91 

— 0®.92 

— 0® . 90 

-o«.85 

-0^.78 

— o«. 71 




tl 

It 

It 

It 

II 

,r 

(^,d)h . . 

“ 3.70 

— 2.64 

- I.4I 

— 0.18 

-h 1.02 

■P 2.05 

4- 2.84 

H- 3.35 


— 1.50 

— 1.42 

— 1.28 

- 1.05 

- 0,77 

— 0.44 

— 0.12 

4- 0.18 

(JDec. . » ^ , 

- 5.2 

- 4 .x 

- 2.7 

— 1.2 

+ 0.2 

■p 1,6 

4- 2.7 

! 

+ 3-5 
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I Ills computcatioii lias been coiitmueil to 1875, January 3 1, and the lesiilts aic 
slio\Mi 111 the following table 

Co) reckons to the Ephemens cleiived fiom Hansen's Tables of the Moon, for G)eenmch 
mean noon of each day, from 1874, September i, to 1875, Janiiarij 31 


Gr me in 


Correction to t'lbuHr — 


Lonfr Lit R A Dec 


Gr mem 


Coirection to tibulai — 


Loni? Lat R A Dec 


1S74 

Sept 1 


1874 

Oct II 





c 


TABLES. 
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TABLES 


Table I 

Vahus of the At^umtnh Jot the hgin- 
mug of each ye at 


Table II 

Reduction of ttic Aigunients to the zeio- 
day of each month 


Year 


D 


£ 

u 

Month 

s 

D 

A 

B 

n 

1850 

I 8 

i6 7 

6 3 

4 3 

25 5 

Jan 

0^ 

0 0 

0 0 

0 0 

0 0 

0 0 

iSst 

S 6 

27 3 

0 0 

12 7 

9 5 

Feb 

o"^ 

3 4 

I 5 

14 9 

3 6 

3 8 

1S52 B 

16 4 

0 4 

10 9 

22 I 

21 7 

Mu 

0 

3 9 

0 0 

10 6 

4 I 

4 6 

1 S 53 

23 I 

20 0 

4 7 

3 I 

5 8 

April 

0 

7 3 

I 4 

9 3 

7 7 

8 4 

1854 

2 4 

I I 

14 6 

II 5 

17 0 


0 

q 8 

I 9 

7 0 

10 3 

II 2 

1 S 55 

0 2 

11 S 

8 4 

19 q 

I 0 

June 

0 

13 2 

3 3 

5 7 

13 8 

14 9 

rSsf) B 

17 0 

23 4 

3 2 

I 9 

13 3 

July 

0 

15 7 

3 8 

3 5 

16 4 

17 7 

tS57 

23 8 

4 5 

13 r 

10 3 

24 5 

Auif 

0 

19 I 

5 3 

2 2 

20 0 

21 5 

IS58 

3 0 

15 I 

6 9 

18 7 

8 5 

Sipt 

0 

22 6 

6 8 

0 9 

23 6 

25 2 

iSsy 

9 8 

25 8 

0 7 

27 I 

19 8 

Oct 

0 

25 0 

7 2 

14 8 

26 I 

0 9 

i860 B 

17 6 

7 9 

II 6 

9 I 

t 8 

Nov 

0 

0 9 

8 7 

13 5 

2 3 

4 7 

1861 

24 4 

i8 5 

5 3 

17 5 

16 0 

Dec 

0 

3 3 

9 I 

n 2 

4 8 

7 5 

1 862 

3 6 

29 2 

15 2 

25 9 

0 I 








1863 

10 4 

10 2 

9 0 

6 9 

II 3 

^ In 

January and February of leap-years, 

1S64 B 

iS 2 

2t 9 

3 7 

16 3 

23 6 

the numbers taken fiom Table 11 arc 

to be 

1865 

25 0 

3 0 

13 7 

24 7 

7 6 

diminished by a unit 




1S66 

4 2 

13 ^ 

7 4 

5 7 

18 8 








CO 

ir 0 

24 3 

I 3 

14 I 

2 8 



Table III 



1 868 B 

IS 8 

[ 

12 1 

23 5 

15 I 








J S69 

25 0 

17 0 

5 9 

4 4 

26 3 


Ft ? was of the Ar ^ iments ^ 


1870 

4 8 

27 6 

15 s 

12 8 

10 4 


~ 

" 


- 

~ — 

- - 

1871 

II 6 

8 7 

9 6 

21 3 

21 6 



g 

D 

A 

B 

u 

1872 B 

19 4 

20 4 

4 \ 

3 2 

6 6 








1873 

26 2 

I 5 

14 3 

II 6 

17 9 








1874 

5 4 

12 I 

8 0 

20 0 

I 9 

P 


27 6 

29 5 

16 I 

27 4 

27 2 

1875 

12 2 

22 7 

I 8 

I 0 

13 I 

2 P 


55 I 

59 I 

32 3 

54 9 

54 4 







3 P 


82 7 

88 6 

48 4 

82 3 

81 6 

1S76 B 

20 0 

4 8 

12 7 

10 4 

25 4 








1S77 

26 8 

15 5 

6 5 

18 8 

9 1 

4 P 


no 2 

118 I 

64 6 

109 7 

108 8 

1878 

6 0 

26 I 

0 3 

27 2 

20 7 








1879 

12 8 

7 2 

10 2 

8 2 

4 7 








iSSo B 

20 6 

18 8 

5 0 

17 6 

iC 9 








1881 

27 4 

29 4 

14 9 

26 0 

I 0 








1882 

6 6 

10 6 

8 6 

7 0 

12 2 








ISS3 

13 4 

21 2 

2 4 

15 4 

23 4 








1S84 B 

21 2 

3 3 

13 3 

24 8 

8 5 








1S85 

0 5 

13 9 

7 I 

5 8 

19 7 








1886 

7 3 

24 6 

0 9 

14 2 

3 7 








1887 

14 0 

5 7 

10 S 

22 6 

15 0 








1888 B 

21 8 

17 3 

5 5 

4 6 

0 0 








1889 

28 6 

27 9 

15 4 

13 0 

II 2 
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Table IV 

Secuhi) Tetms 

Table V 

Argil me ?it A 

Table VI 

Aigimitnt B [Aiii/ijna/ B 

/Ill) 

Year 



Diff 

1 

(ht 

B 



H 


1S4S 

0 

0 

00 



1 

0 


0 

00 

0 


0 

00 

40 

4 ~ 

0 

39 





0 

20 













1849 

0 

-h 0 

20 



1 

— 

0 

23 

r 

4 - 

0 

34 

41 

T 

0 

<15 

1S50 

0 

0 

40 


0 


2 

— 

0 

44 

2 


0 

()6 

42 


0 

29 

1S51 

0 

0 

60 


0 

20 

3 

— 

0 

57 

3 


0 

95 

43 

— 

0 

62 



80 


0 

20 

4 



0 

62 








1S52 

0 

0 







57 

4 


I 

19 

44 


0 

91 





0 

20 

5 

— 

0 









1S53 

0 

I 

00 

4 - 

0 

20 

6 

— 

0 

44 

5 

4 - 

I 

37 

45 


I 

If) 

1854 

0 

I 

20 


0 

20 

7 

- 

0 

25 

6 


1 

47 

46 

“ 

I 


1855 

0 

I 

10 

H- 



8 


0 

02 

7 


1 

50 

47 

__ 

I 

46 

1S56 




0 

10 





8 








0 

I 

50 



9 

+ 

0 

22 


I 

45 

48 


I 

80 






0 

00 













1837 

0 

I 

50 




10 


0 

42 

9 


I 

32 

49 


r 

46 

1838 

0 

I 

50 


0 

00 

1 1 


0 

56 

10 

4 - 

I 

13 

50 



i 

3 ) 

1839 

0 

+ I 

50 


0 

00 

12 


0 

62 

II 


0 

88 

51 



I 

16 





0 

00 

13 


0 

58 








1S60 

0 

I 

50 






12 


0 

57 

52 

— 

0 

91 

1861 




0 

00 

14 

+ 

0 

46 







0 

I 

50 


0 

00 

15 


0 

26 

13 

4 - 

0 

25 

53 

- 

0 

f )2 

1 862 

0 

I 

50 


0 

03 

16 

4- 

0 

03 

14 

— 

0 

10 

54 



29 

1S63 

0 

I 

47 


I 

12 

17* 

- 

0 

20 

15 


0 

44 

55 

4 - 

») 

<’3 

1864 

0 

+ 0 

35 


I 

08 

iS 

— 

0 

42 

16 

— 

0 

75 

5 ^> 


0 

39 

JS05 

0 

— 0 

73 



19 

— 

0 

56 

17 

— 

I 

03 

57 


0 

71 

1 866 

0 

— I 

77 


I 

04 

20 

- 

0 

62 

18 

— 

I 

25 

58 


0 

99 

1867 

0 

— 2 

77 


1 

00 

21 

— 

0 

59 

^9 

— 

I 

40 

59 


I 

22 

1808 

0 

- 3 

73 


0 

0 

96 

92 

22 

23 


0 

0 

47 

28 

20 

- 

I 

49 

60 

{- 

I 

39 

1869 

0 

- 4 

65 


0 

88 

24 

— 

0 

05 

21 

— 

I 

49 

61 
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Table VII, n S2 
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Table VIII, dv 
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Table IX 
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Table XI 


FaUo,. for convo ting small changes of longifmie and latitude into changes of light ascension and declination 
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[General Order J 


Navy Department, Waslnngton, August ii, 1882 

The paities organized by the Secretaiy of the Navy to observe the Transit of 
Venus in December, 1882, undei the authority of an act of Congress approved August 
7, 1882, aie organizations invested with naval character; and subject to naval rules, 
regulations, and discipline The command of each paity is assigned to the Chief 
Astronomei, to whose authoiity all others will be obedient 

Tlie following is the ordei of rank and authority in each party, viz 

1 Chief Astronomei 

2 Assistant Astronomer 

3 Chief Photographer 

4 Assistant Photogiapher. 

This order will be lespected and followed as the order of rank and succession in 
each paity undei all circumstances, including the contingencies growing out of any 
separation of the party, or the happening of any vacancy 

The party destined for the coast of Patagonia, about to embark in the U S 
steamei Brooklyn, will be personally subject to the authonty of the commanding offi- 
cer while on board that ship, and to its discipline, police authoiities, and regulations 

The gentlemen engaged in this interesting and important service will readily and 
fully understand that discipline, harmony, and co-operation are essential to its satisfac- 
tory peiforniance as well as to then own safety and convenience, and that for this 
loason they have been required to assume the obligations, and are subjected to the lules 
of the naval service 

WM E CHANDLER, 

Secretary of the Navy. 


f 


TABLE OF CONTENTS. 

Order of the Eloiiorable Secretary of the ISTavy respecting* tlicse instriictioiLS. 7 

I. — Iiitroduetory note ^ 

II. — Selection of station ^ 

III. — Ijaying oft* ground and setting up instrnnieiits 10 

IV. — Meinoraiida resi)ecting tlie i)botoheliogTaph 

V. — Ad justnieiiits of the photoheliograpli ..... 

VI. — The lieliostat * j5 

Vlll.— The tube , 17 

IX. — The pla tediohler plumb line 18 

X. — Jhitleries and electrical connections 18 

XI. — Tlie jnea.suriiig-rod 

XII. — Iiistriimental errors 20 

XIII. — Fittings of the pliotograpliic house 21 

XIV. — Oa-re of tlu‘ sensitive eiiudsion 21 

XY.- — Selecting and marking glass 22 

XVI. — Cleaning and alhunieiiizing glass 22 

X Vll. — Coating plates ^ 24. 

XVI II. — Exposure of plates in tlie ])liotoheliograpli 26 

,X IX . — The do v(‘] op in ent 27 

XX. — Fixing and varnishing 29 

XX I. — Blistering and lifting of the tilni 29 

XXII. — Spots and other defects 29. 

XXIII. — Preparatory practice 29 

XXIV. — P.reparation lor the transit 30 

XXV. — Photograjihing the transit 31 

XXVI. — Development and pacdcing of transit plates 33 

XXVII. — Wet eniiilsion plates .■ 33 

XXVIIL— Bath Avet plates .... 33 

XXIX. — General precautions 34. 

XX X. — The e li 1*011 ogra])h 33 

XXXI. — Time observations and clironometer comparisons 35 

XXXII. — Exebange of time with other parties 36 

X X XIII. — Latitude and longitude of station 36 

XXXIV. — The equatorial telescope ... 36 

XXXV. — Occultations 37 

XXXVI. — General instructions respecting observations of contacts 37 

XXX Vll. — Methods of recording contacts 44. 

XXXVIII. — Diameter of Venus 45 

X XXIX.— Data required 46 

XL. — Records of observations and oiierations . 49 

XLI, — Transmission and publication of observations 50 


. Na-VY Depaktment, Wa&hugton, August ii, 1882 

TI16 following instiuctions, piepaied by tb© Comiiiission on the Tiansit of Venus, 
are issued, under the authority of this Department, for the guidance and government 
of the pai ties charged with the duty of mating the observations of the Transit Every 
peison engaged m the scientific operations is enjoined to study them carefully and to 
confoim to them strictly 

WM E CHANDLEE, 

Secretary of tJie Navy 



INSTRUCTIONS 


FOR 

OBSERVING THE TRANSIT OE VENUS. 


DEOEMBER 6, 1882. 


L— lETEODTJCTORY NOTE. 

The following instructions were prepared primarily for the use of the parties organ- 
ized by tlie U. S. Transit of Venus Commission. But as the transit will be visible in 
this country, they have also been adapted to the use of amateur observers who desire 
to be made acquainted with the methods by which they may make observations of 
value. 

ir.— SELECTION OF STATION. 

In clioosing ground for a station, it is most important to obtain good foundations 
for the instruments. Gravel is best, but a sandy soil is unobjectionable, if the sand is 
not dry. 

A nearly level spot, measuring at least sixty feet from north to south, is necessary 
for setting up the transit instrument and photoheliograph. The floor of the photo- 
graphic house must be eight and a half inches lower than that of the transit house, and 
it will be advantageous if the natural slope of the ground gives that amount of fall; 
but if it does not, one or other of the houses must be elevated to obtain the proper 
difference of level between them. For the sake of dryness, the sills of the houses 
should be i*aised three or four inches above the surface of the soil. In many situa- 
tions this can be convenietly done by driving stakes about four inches square into the 
ground, setting the houses upon them, and nailing them fast. In other places it may 
be necessary to use small piers of stone or brick. 

Shelter from the prevailing winds is to be sought for; but great care must be 
taken that the sun be visible from the point occupied by the photographic objective, 
and by the equatorial telescope, during the whole time of the transit, and, indeed, a 
little longer. For this and other purposes, the observers must make sure of the exact 
local times of all the contacts. 

After the site for the station is selected, a survey of the surrounding region must 
be made to determine the location of the station relatively to neighboring permanent 
objects. If a large scale map of the region can be obtained, the position of the 
station may be marked upon it; but if no such map is available, one must be made. 
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DTSTEFOTIONS FOE OBSEEVIirG- THE 


A carefully-wntten description of the position of the station must also accompany 
the map The object of these records is to provide means for I’elocating the station 
within one or two hundred yards at any future time 

HI— LATmO OFF GEOUND, AND SETTING UP IN8TEHMENTS. 


The approximate position of the mendian-lme, on which aie to be placed the 
three pieis for supporting the transit, the photographic objective, and the plate-holder, 
being detei mined by compass or otheiwise, the next two operations, which may be 
carried on together, will be the laying down of an exact mendian-lme and the election 
of a pier for the transit 

As soon as the position of the transit pier is decided, a point should be selected 
about seven feet east or west of its centei , from which to lay off a meridian-line by 
the theodolite The latter instrument being placed over this point, a stake should be 
diiven nearly south or north of it, and at a distance of not less than one hundred 
feet, and then the azimuth of the line joining the instrument and the stake should bo 
found fiom observations of the sun or stais made on both sides of the meiidiaii 
From this line of known azimuth a true meridian-line should next be laid down, and 
that can be done either with the theodolite, or by setting off a pioper offset from the 
stake Perhaps the latter is the better method 

The foundation of the transit piei should be three or four feet below the surface 


of the ground, and, in northern stations, below the reach of frost, if practicable The 
last earth at the bottom of the excavation should be carefully removed with a spade 
in horizontal slices, so as to produce a clean, haid, surface for the footing course to rest 
upon It is desirable to prevent the surface earth pressing against the sides of the 
pier, and for that reason a vacant space one or two feet deep should be left around 
it a curb being used to keep back the earth, if necessary The sides of the pier must 
face the cardinal points accurately Above ground, it should measure twenty-one 
inches from noith to south, and twenty-five inches from east to west, below, it may 
be from thiee to three and a half feet square The cap-stone must be twenty-foui by 
twentj-eight inches, and three inches thick The tiansit house must be built around 
the pier aftei the latter is erected, the floor of the house being placed twenty-nine 
inches below the top of the pier 

In the northern hemispheie the photographic house will be south, and in tho 
southern hemisphere north, of the transit house The positions and depths of the holes 
for the lion piers of the photoheliograph can be readily determined by means of the 
mendian line and the numbers in Table I The holes may be dug at any time, but 
e piers cannot be set until the tiansit instiument has been brought into the meridian 
and its eiiors made as smaU as possible The lower ends of the piers have thin odo-os 
and to prevent them settling into the groumd they should be placed upon largellat 

I The flanged ends of the piers must be uppermost 

f P'®"® photographic objective, and goes nearest 

kome fe «,nter must be about fourteen feet from the center of the transit 
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3. The distance between the centers of the two piei’s must be as stated in Table I. 

4. Tiie height of the upper surface of the flange of each pier, or, in other words, 
the height of its top, must be as stated in Table I. 

5. The centers of the two piers must be in the plane of the true meridian pass- 
ing through the transit instrument. 

6. The piers must stand perfectly plumb. 

7. The screw-holes in the flanges of the piers must be so placed that in each pier 
the hole nearest the transit house is in the plane of the meridian — that is, in the plane 
passing through the centers of the piers. The aperture in the side of the plate- 
holder pier must also be in the meridian, but must face away from the transit house. 

The simultaneous fulfillment of so many conditions is troublesome. A convenient 
way of proceeding will be to tack a lath across the slit in the transit house at a point 
four feet above the floor, and from it to stretch a cord, perhaps sixty feet long, in the 
meridian of the transit instrument and horizontally. A strip of wood must also be 
jammed into the top of each iron pier in such a way that a five-penny nail can be driven 
into it, and be left projecting an inch, to mark the center of the pier. Then, by stick- 
ing pins through the line at the points beneatli winch the centers of the piers must be 
located, the latter can be brought very approximately into position. In making the 
final adjustments, an engineer’s level and a theodolite will be required. The engi- 
neer’s level should be set up about sixty feet from the transit pier, and in such a posi- 
tion tliat the latter can be seen through the door of the transit house. The theodolite 
must be mounted behind the transit house, and in the meridian of, but a little higher 
than, the transit instrument, so that the tops of the iron piers can be seen over the 
latter. By moving the transit instrument in altitude only, and the theodolite in both 
altitude and azimuth, the two instruments must be pointed on each other, and the im- 
age of the central wires of the transit must be brought into coincidence with the cent- 
ral wires of the tlieodolite, and then the line of collimation of the latter will describe 
a plane parallel to the meridian of the former. This suffices for our purpose ; but if 
it is desired to bring the meridians of the two instruments into absolute coincidence, it 
can be done by shifting the theodolite towards the east or west until the images of 
the two objectives given by the theodolite eye-piece are seen to be concentric. For 
that purpose a magnifier is necessar}'", and care must be taken that the coincidence of 
wires of the two instruments is left perfect. Thus adjusted, the theodolite will show 
with great precision when the centers of the piers are in the meridian of the transit 
instrument ; and the engineer’s level will show equally exactly when their tops are at 
tlie proper height. 

Instead of using a theodolite to place the piers in the meridian, the transit 
instrument itself may be employed, if its objective is covered by a cap having a dia- 
metral slit one-fifth of an inch wide. This slit must be placed truly vertical, and then 
it will be possible to obtain somewhat indistinct vision of any vertical line situated in 
the meridian of the instrument and having a diameter not less than the width of the 
slit. If the centers of the piers are marked by twenty-penny nails, instead of five- 
penny ones, they can be seen through the transit. To guard against error, after a 
pier has been apparently brought into the meridian, the cap should be twisted through 
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half a revolution, and if that produces any change in the position of the image in the 
transit, the mean of the two positions will be the true one, and the center of the pier 
must be adjusted accordingly 

The pier for the photographic objective should first be brought accurately into 
position, and afterwards the same thing should be done for the plate-holder piei In 
adjusting the distance between the two piers a steel tape-line must be used, not a linen 
one Nails answer well as wedges for mating small changes in the heights of the 
piers When all is ready, the piers must be finally fixed by filling the holes around 
them with masonry laid in cement, or with cement concrete — earth does not give suffi- 
cient firmness, and in doing this special care must be taken that they are not accident- 
ally shifted from their true positions Their interiors should also be filled with concrete 
to the level of the ground 


The photographic house must be built around the plate-holdei pier, the floor of 
the house being placed exactly three feet ten and thiee-quarter inches below the upper 
suiface of the flange of the pier 

The cast-iron plates which support the photographic objective and plate-holdei 
are next to be fixed in position The coffin-shaped plate is to be bolted to the largoi 
pier, its long end being turned towaid the photographic house, and at least one washer 
being placed around each bolt, between the plate and the pier, so as to give the former 
a solid beaiing The coffin plates are not all alike The older ones have pipes at the 
end, to receive the ptongs of the piece which supports the objective These pipes must 
be turned downward The newer ones have a planed seat, upon which the bottom of 
the support for the objective is bolted This seat must face upward When the 
objective-carrier is fiist mounted upon the coffin plate, the screw, or screws, which 
hold it should be only lightly set up, but aftei wards, when all has been found light, 
they must be firmly turned home, and the pipes, if there are any, may be filled witli 
plaster or cement The round cast-iron disc which cariies the plate-holder is to bo 
secured to the pier in the photographic house by the proper supporting and biiulm»- 
screws, care being taken that it is turned in the right duection ^ 

To mount the plate-holdei, the brass cross must be screwed to the cast-iron disc 

passing down through the hole 

1 vertical axis of the plate-holder is to be set in this tube, and when 

^ j rotated its ends should just graze the raised ends of the cross below 

It Milled-headed screws, passing through slots in pieces at the ends of the arms of 
he cross, are provided for fixing the plate-holder in position, with the reticule plate 
at right angles to the optical axis of the objective ^ 

The structure for carrying the iron measunng-rod and the tube of the photolieho- 
Thf “ext be erected, and the measunng-rod, but not the tube, must be mounted 

twil T; f be two feet distant from the nearest eZTof 

the cof^-plate and the position of the measuring-rod must be parallel to but^niue 


con- 
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IV — MEMOEANDA EESPEOTINO THE PHOTOHBLIOGEAPH 

For convenience of reference the measurements required in erecting the hoiizontal 
photoheliograph are heie recapitulated 

The houses may be set up on stakes 4'' square, driven firmly into the ground. 
The uppei surfaces of the floors should be 7" or 8" above the surface of the ground 
The distance from the upper surfaces of the floors to the bottoms of the sills is about 3 

Size of transit pier below ground, 3' or 3' 6" square, above ground, 2i'"x25'' 
Capstone for ditto, 24"x28'^x3" Top of pier above floor, 29" Eye-piece of transit 
above floor, 3' 9^" 

The iron piers for the photoheliograph are 8' o" long The larger of the two 
carries the objectrve 

Distance from center of transit pier to center of pier for photographic objective, 
14' o" 

Photographic house Floor 8^' lower than floor of transit house Distance from 
inner side of wall of house to center of plate-holder pier, 1 2" The lop of this pier 
is g\'' above top of transit pier, and 3' io|" above floor of photographic house Cen- 
ter of plate-holder above floor, 4' 6 ". 

In Table I, the quantities on each line refer to a single photoheliograph The 
number of the objective is given in column A The distance between the back sur- 
face of the objective and the sensitive surface of the photographic plate is given in 
column B, it being assumed that the thickness of the reticule plate is o 25 of an inch 
The distance of the back surface of the objective from its second principal point is 
given in column C The distance between the centers of the piers which carry the 
objective and plate-holder is given in column D The height of the top of the objective 
pier above the top of the transit pier is given in column E The number of the meas- 
uring-rod to be used with each objective is given in column F The length of each 
measuring-rod, at 62° Fahrenheit, is given in column Gr 

Table I 


A, 

B 

C 

D 

E 

F 

G 


Inches 

Inch 

Inches 

Inches 


Inches 

1 

462 51 

0 711 

477 6 

10 4 

VIII 

451 491 

2 

465 08 

682 



VII 

453 498 

3 

462 27 

674 

476 9 

9 4 

II 

450 437 

4 

463 33 

718 

478 8 

10 4 

VI 

451 946 

5 

464 79 

538 

479 9 

10 4 

III 

453 488 

6 

472 90 

708 

488 5 

10 4 

I 

461 425 

7 

461 20 

644 

476 4 

10 4 

V 

449 485 

8 

461 30 

0.708 

476 0 

9 4 

IV 

450 357 


The expansion of the measuring-rods may be taken as o 0000070 of their length 
for one degree Fahrenheit 
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V — ADJUSTMENTS OP THE PHOTOHELIOGEAPH. 

The photoheliograph must fulfill the following conditions 

1 The sensitive surface of the photographic plate must be at the focus of the 
objective 

2 The line joining the optical center of the object-glass and the cross-lines in the 
middle of the reticule plate must he in the tiue meridian, within a fiaction of a minute 
of arc 

3 The same line must be honzontal, within the same limits 

4 The optical axis of the objective must be directed toward the center of the 
reticule plate 

5 The reticule plate must be perpendicular to the line joining its center and the* 
center of the objective 

6 To let the plumb line hang fieely, the sides of the plate-holder must be verti- 
cal, and that will be attained by making its top level 

These adjustments are made as follows 

1 By the aid of the measuring-rod, set the coffin -plate so that the distance between 
the back suiface of the objective and the sensitive surface of the photographic plate is 
as stated m column B of Table I To guatd against eirors, aftei the adjustments i 
to 4 have been made, lemove the brass plate-holdei and use the wooden one to take a 
number of photographs of the sun at diffei ent distances inside and outside the focus. 
The points at which the small spots on the sun begin to disappear when the plate is too 
far in, and again when it is too far out, must be noted The mean of the two positions 
IS the true focus If, after repeated trials, it differs more than one-quaiter of an inch 

from the point found by ineasuioment, the position of the objective must be changed 
accordingly ® 

2 When the photographic objective is in position, point the telescope of the 
transit instrument at it, and set a bull’s-eye lantein behind the center of the reticule- 
p ate Ihe lines upon the latter will then be visible through the transit, but not very 
distinctly, because the photographic focus of the photoheliograph differs considerably 
froin Its visual focus If there is any difficulty in seeing and identifying the intersection 
ol the central lines, gum a small triangular bit of paper upon the reticule-plate with 
one of its angles at the point in question; or rule a little cross with ink, making its 
ines not more than half an inch long, and taking care that they coincide exactly witli 
the etched lines of the plate If the azimuth and collimation of the transit are quite 
right, Its midffie vertical wire should be on the middle vertical line of the reticule- 

plate If It IS not found so, the erior must be conected by moving the brass cross 
which carries the plate-holder 

. Point the transit so that its middle horizontal wire accurately coincides with 
the image of the middle honzontal line of the reticule-plate, and clamp it firmly in that 
positaon Then set up a carefully adjusted engineer’s level between the transit house 
and the photographic objective, point it into the latter, and bring its horizontal wire 
into accurate coincidence with the image of the middle hoiizontal line of the reticule- 
plate Read the bubble of the level, and if it is within six or eight divisions of the 
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middle of its scale the height of the plate-holder is probably satisfactory. To make 
sui e of this, point the level at the transit, bring its horizontal wire into exact coinci- 
dence with the middle hoiizontal wne of the latter, and again read its bubble Half 
the distance traveled by the bubble between the two readings will be the eiroi of level 
of the center of the reticule-plate 

Probably at the first trial the bubble will lun all the way to one end or the other 
of its tube If, at each pointing, it luns to the end nearest the photogiaphic house, 
the 1 eticule-plate is too high, but if to the end nearest the tiansit house, the reticule- 
plate is too low In either case the error must be collected by changing the elevation 
of the plate-holder, or by changing the elevation of the coffin-plate, or by both The 
height of the plate-holder is controlled by the adjusting-screws of the iron disk sup- 
porting it, and the altitude of the coffin-plate may be modified by inci easing or dimin- 
ishing the numbei of washers under it 

If instead of an engineer’s level a level of precision is employed, its telescope 
must be pointed at the center of the reticule-plate, and its bubble must be lead, 
reversed, and read again Let the difference of these two readings be A Then the 
telescope must be rotated about its optical axis through half a revolution, once more 
pointed at the center of the reticule-plate, and, as before, the bubble must be read, 
leveised, and lead again Calling the difference of this last paii of leadings B, the 
error of level of the center of the reticule-plate will be ^ (A-j-B) The object in 
rotating the telescope through half a revolution is to eliminate its collimation-error 

4 After the plate-holder is fixed in its tiue position, adjust the obj'ective by its 
three suppoi ting-screws so that if a candle in the photogiaphic house is held in the 
line passing through the centers of the objective and 1 eticule-plate, its thiee reflections 
from the objective will also lie in the same line Instead of a candle, it is sometimes 
convenient to use a reflector consisting of a card-boaid disc two or three inches in 
diameter, with a hole one-quaitei of an inch in diametei through its center In that 
case, the thiee images of the hole reflected from the objective must he in the line in 
question 

5 Adjust the reticule-plate so that if a candle in the photographic house is held 
as far as possible fiom it, and in the line passing through its center and the centei of 
the objective, the leflection of the candle from the reticule-plate will also lie in the 
same line Here, again, a card-boaid reflector may be used instead of a candle The 
adjustment is made in altitude by the screws suppoi ting the iron disc which carries 
the plate-holder, and in azimuth by turning the latter on its vertical axis When all 
is right, the screws confining the plate-holder must be firmly turned home 

If this adjustment is correctly made the surfaces of the reticule-plate’ will be 
vertical This may be independently tested in two ways 

(a) Set the engineer’s level outside the house, at the height of, and near the cen- 
tral line joining the objective and plate-holder, in either direction fiom the latter, and 
at such distance from it, not less than 15 or 20 feet, as will be favorable for the obser- 
vation Point the level at the plate-holder, turn the latter so that a horizontal line 
upon the surface of the reticule shall be perpendicular to the line from the level, and 
adjust the focus of the level so that its objective can be seen by reflection from the 
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reticule-plate If the plate is vertical, and the level properly adjusted, the horizontal 
wire of the level will bisect the reflected image of the objective The latter should 
1 etui n to its position when the plate-holder is turned half-way round on its axis, so 
that the reflection takes place from the other surface 

(6) Adjust the base of the plate-holder so that the bubble of a level set upon 
Its top shall not vary greatly in position when the holder is turned on its axis 

If these two tests cannot be both satisfied witliin one or two minutes of arc by 
the same adjustment, the chief should endeavor to ascertain what is wrong, though it 
may not be advisable foi him to try to correct it 

6 The verticality of the sides of the plate-holder is controlled by the suppoi ting 
screws of the iron disk which cairies it An ordinary carpenter’s level suffices to show 
when the adjustment is coriect 

The adjustments from i to 6 are necessaiily made consecutively, and they must 
be gone ovei a second time to make sure that the later ones have not disturbed those 
first established 

VI— THE HELIOSTAT. 


As the heliostat will presently be needed, it should now be set in front of the 
objective, upon the coffin-shaped plate, and the three adjustments which it loquires 
should be made They aie as follows i Its main axis must be brought into the 
plane of the mendian, 2 Its mam axis must be set at that inclination which will 
keep the sun’s image most nearly at a constant height upon the reticule plate; 3, "I’lie 
diiving-clock must be arranged to lotate the mam axis at the proper speed Extreme 
accuracy in these adjustments is supeifluous, because, in order to obtain freedom from 
vibration, a foim of heliostat has been adopted which can thiow the sun’s rays only 
approximately m a constant direction A convenient way of pioceeding, and one 
which will probably give as good results as any, will be to make the first adjustment 
by estimation, using a ruler laid against the cube of the main axis to aid the judgment; 
and then to effect the second and third adjustments by tiial 

If more exactness is desired, the first adjustment may be made by setting the 
miiror at right angles to the mam axis of tlie heliostat, and then setting the latter so 
that the mirror is also at right angles to the axis of the photographic telescope The 
setting ot the mirror is accomplished when the direction of a ray reflected fiom its fiist 
surface is not affected by rotating the main axis, but m applying this test care must 
be taken not to mistake the ray reflected from the second surface for that from the 
first Then the mmn axis is brought into the plane of the meridian, and made hori- 
zontd, oy setting the heliostat so that it will reflect back upon itself the light fiom a 
candle held at the centei of the reticule-plate The proper inclination for the main 

T of a clinometer; but the 

rating of the driving-clock can only be effected by trial 

thA level of the center of the reticule-plate are determined, 

eta mng it to ite proper place, the points where its feet rest should be marked. 
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The driving-clock is provided with three pulleys, whose time of revolution may 
be varied from 37.8 seconds to 42.3 seconds by raising or lowering the pendulum bob. 
The screw of the heliostat carries two wheels, either of which can be connected by a 
leather band to a,ny one of the driving-clock pulleys; and by making suitable combi- 
nations, the screw can be driven at any desired speed between the limits 58.8 seconds 
and 1 1 5.0 seconds per revolution. This suffices for all localities. Sometimes the 
pendulum of tlie driving-clock takes a wabbling motion, moving in an ellipse instead 
of a circle. When tins happens it is generally occasioned by friction at tlae point of 
suspension, and a little oil will remedy the difficulty. 

VII.— THE EXPOSING SLIDE. 

The frame carrying the exposing slide must be screwed to the inner surface of 
the wall of the photographic house in such a position that the line joining the centers 
of the objective and reticule-plate passes tlirough the center of the opening in the 
fra, me. Upon each end of th.at, surface of the slide which is nearest the objective 
a target is painted, and whenever the slide is brought into contact with the pieces 
whicli limit its motion, one other of these targets covers the aperture in the frame, 
and is visible to a person standing at the objective. If the image of tlie sun given by 
tlie latter is tlien centered upon the target, it is intended tliat it shall also be found 
centered upon tlie reticule-plate when the slide is moved across the opening in the 
frame. To secure this result, the adjustments of the photoheliograph should be com- 
pleted before tlie frame is put up, and special plains should be taken to fix it exactly 
in its right position. 

lly means of the six milled-headed screws upon the slide, the brass plates can be 
set so as to give any desired width of slit; but in doing this care must be taken to 
keep the center of the slit coincident with the center of the opening in the slide, 
because tlie automatic key for recording tlie instant of exposure upon the chrono- 
grajih is arranged to break when the centers of the openings in the slit and its frame 
coincide with each other. It is sometimes desirable to see the entire image of the 
sun upon the reticule-plate, and the slit is arranged to open wide enough for that. 

YIII.— THE TUBE. 

Experience has shown that for a photoheliograph of thirty-eight and a half feet 
focus twelve feet of tube is sufficient. For convenience of transportation, that fur- 
nished to the parties is slightly conical, and in two-feet lengths packed inside each 
other. In mounting the tube, four points requme attention, namely: i. The largest 
end of the tube should pass snugly through the wall of the photographic house and 
i-est against tlie back of the exposing-slide frame. 2. The centers of the openings in 
all the diaphragms should be in the straight line joining the centers of the objective 
and reticule -plate. 3. From the reticule -plate nothing but black surfaces should 
be visible. The presence of white light risks fogging the photographic plates, and 
therefore this condition is imperative. To fulfill it, that one of the frames carrying the 
measuring-rod which is nearest the objective must have its upper part boarded over 
so as to shut out extraneous light from the tube. Both surfaces of this screen should 
3 INS 
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be coloied dead black, and a hole must be cut through it just large enough to poiniit 
the free passage of lays fiom all paits of the objective 4 1 ^ 's absolutely noeessaiy 
that both the tube and the measuring-iod be thoroughly pi otected from the sun’s rays 
As theie must be an air-space of fiom six to twelve inches aioiind the tube, the root 
o^ awning covering it should have a depth not less than thiee and one-(juaitei feet 
Beyond the teimination of the tube, the coveiing foi the measuiing-iod maybe loinied 
of thiee boards, each eight inches wide, put together so as to foiin a kind of inveiteil 
tiough 

IX— THE PLATE-HOLDBE PLUMB LIXE 


Both the chief of party and the chief photographei must give special attention 
to the plate-holder plumb-line The wire employed is of gilded brass, having a length 
of about three feet and a diameter of 00025 of an inch It must be without any 
bends or kinks, must pass perfectly freely thiough the axis of the plato-holdei , and 
must be loaded with one-fifth of its breaking weight To secure steadiness, the weight 
must hang m a vessel of water within the pier, care being taken that the ve.ss(>l 
has sufficient size and is so placed as to avoid any iisk of the weight lesfiiig against 
its bottom 01 sides The upper extremity of the plumb-hne is wedged into a. bi.iss 
piece which fits into a socket in the top of the plate-lioldei, and is piovided with .111 
aim foi lotating the wire thiough half a revolution, so as to eluiimate the effect of any 
undetected kinks or bends Aside from this motion of rotation, the plumb-hne sliouhl 
be di&tuibed as little as possible 

The chief of party must satisfy himself from tune to time that the plumb-line 
does not come into contact with anything m its passage thiough the opening in the 
axis of the plate-holder One way of testing this will be to let the liob swing thiough 
a minute arc, and see that the swinging motion of the suspending who across the face 
of the letieule plate, as viewed with a magnifying glass, is peifectly regular 


X— BATTEEIES AXD ELEOTEIOAL CONNECTIONS 

The batteries furnished to the parties are of the Daniell’s giavity foi in 'To set 
up a cell, unfold the copper element, place it, together with about two jxuiiids of 
coarsely-powdered copper sulphate, m the bottom of the glass jai , and load the insu- 
lated copper terminal out over the top of the jar If the cell is desired foi immediate 
use, fill It to within one and a half inches of the top with water in which a little zinc 
sulphate has been dissolved, and suspend the zinc element in this solution by hooking 
It to the top of the ]ar If the cell is not lequiied immediately, it is better to fill it 
with pure water, and then to connect th6 copper terminal with the zinc. In a few 
horns It will be m good working order When using these cells care must be taken 
that the zinc sulphate solution does not become too strong, that it coveis the zinc ele- 
men , and that there are always some copper sulphate crystals in the bottom of the jar 

thi-mi^h ! ZT a singile Daniell’s cell should ever be passed 

a ^ if chronometer; and as that will not usually suffice for working 

a sinfflTS^m ’ ® chronometer must be joined up in circuit with one cell of batteiy, 

g -p int switch, and a lepeater of about six ohms resistance The break-circuit 



TKAlSrSIT OP TENUS, DECEMBER 6, 1882 


19 


points in the chronometer are yeiy delicate, and to diminish the spark at them the lid 
of the chronometer box contains a condensei winch should be included in the ciicuit 
The chronograph must he joined up in a second circuit, passing through the points of 
the lepeater, and including the observing key at the transit instiument, the automatic 
key of the exposing slide in the photographic house, and such a number of battery 
cells as may be necessary Thus the chionometer ciicuit will control the chronograph 
circuit, and by opening the switch in the former, both circuits will be opened It will 
be well to airange the wiies in such a way that the automatic key in the photographic 
house can be cut out when not in use As a rule, only break-circuit signals will be 
used, but the observing keys furnished to the parties have a sciew at the back, by 
shifting which they can be converted into niake-circuit keys if desired 

XT— THE MBASUEING-ROD 

The most convenient way of supporting the measuring-rod will be to pass it 
through holes one and one-quarter inches in diameter m boards nailed across the tops 
of A-shaped frames placed not more than six feet apait Whatever mode of support 
IS adopted, special care must be taken to see that the lod lies perfectly straight, and 
that it is parallel to the optical axis of the photogiaphic telescope 

The lod IS of wrouglit-ii'on gas-pipe, eight- tenths of an inch diametei, in sections 
five feet long, with Arabic iiunibeis at the joints to show how they go togothei The 
Roman numbeis in the middle ot each section aie the number of the rod The ends 
of each section must be carefully cleaned with an oily rag before they are united, 
and in screwing them together their shouldeis must be made to meet snugly Marks 
at each joint show approximately the point of stopping It these marks fail to come 
together , there is dii t in the joint , hut if they pass each othei slightly, it only indicates 
that the sciew is woin, which is of no consequeiioe, because the length of the rod 
depends upon the condition of the shouldeis and not upon that of the sciews To 
avoid stiaimng the lod in putting it togethei, the fiist two sections should be united 
and passed on to the supporting fianies neaiest the objective, then the third section 
should he added, and the rod should he pushed nearei the photogiaphic house, and 
so on till it is all together, and in place The end inside the photogiaphic house 
should be at the same distance fiom the front suiface of the reticule plate that the 
end outside is from the hack surface of the ohjoctive After heing mounted, the rod 
should not again be distiribed till the paity is about to leave the station Its outer 
extiemity should be slightly greased to pi event it from lusting, and must be protected 
fiom the weather hy the tin covei furnished foi that purpose 

The measuring-rod is used in connection with the jaw-miciometei for determining 
the interval between the back surface of the objective and the fiont surface of the 
reticule plate To do this, three thermometeis must first be placed upon the rod to 
ascertain its temperature, one being at its center and one near each end. Then a 
plumb-line, consisting of a brass wiie 00032 of an inch in diameter, must he hung 
over the outer end of the rod, the hob of the line hanging m a vessel of water, and 
being protected from wind by complete immersion in the fluid Caie must he taken 
that the wire bends sharply over the eud of the rod, and is in actual contact with its 


20 


INSTETJOTIOlirS POE OBSEEVDTG THE 


fiont suiface When the plumb-line has come to lest, press the arms of tho piw- 
micrometer against the maigin of the object-glass, taking gieat caie to bold the 
micrometer hoiizontally, and by the two rack motions bring the end of the centi.d 
arm gently into contact with the back smface of the objective, and the jaws into such 
a position that the plumb-line is between them and in the line joining the centers of tlie 
pin-holes In adjusting the position of the pin-holes relatively to the pluinb-lino, it 
will be advantageous to use a magnifiei of low powei When all the adjiistnionts ari» 
collect, lead and record the vernier of the miciometer After making several sucli 
measmements at the objective, pass to the plate-holder and make similai nieasuie- 
ments from the front suiface of the reticule plate Each measure should be repeated 
a numbei of times by different obseivers, and each sepaiate lesult should be lecoided 
with the name of the observer, the temperature of the rod, and any other necessaiy 
particulais 

Should the rod be too long, file a veitical notch on each side near one end, loop 
the plumb-line, and let it hang in these notches 

The distance from the front surface of the reticule plate to the position ot the 
collodion film must also be measured as accuiately as possible 


XII — IXSTEUMENTAL EREOES 

When the adjustments of the photoheliograph designated 1,4, 5, and 6, in sec- 
tion V, have once been made, it is expected they will lemain sufficiently exact, unless 
pmposely disturbed If, by any chance, eitliei 4 01 5 is found wiong, it must be cor- 
rected. The eiiors of i, 2, and 3 must be determined at least twice a week, but 
unless they become laige they need not be collected 

To find the erroi of the fiist adjustment, the distance from the back surf, »,(*,(> of 
the objective to the fiont surface of the leticule plate must be measuiod with tin* 
greatest care at times when the temperatuie is not varying lapidly Diiections tor 
doing this aie given m the preceding section 

The erior of the second adjustment must be found as follows . Every ovcning 
before beginning woik with the tiansit mstiument, place its eye-piece at tho same side 
of the stand as the azimuthal adjusting sciews, and by means of the latter, liiim. the 
middle vertical wire of the transit into exact coincidence with the image of tho muldle 
vei^cal line of the leticule plate After this, the azimuthal adjustment must remain 
undisturbed duinng the night’s work Then make a set of time observations , that is 
observe two azimuth stars above the pole, two below the pole, and six or c‘ight time 
sto. half the ob»e.7atione of eaoh olass,bemg made with olamp e,v«t and tile 

nie™ “ao'n tai'ig tho eyo- 

piece to the same side of the stand with the asmiuthid screws, and examine the iiosi- 

rZl date ifthT'* 

b?t S! r “ ,l 'J«™hon, its amount must be estimated and recorded 

but the azimuth of the transit must not be disturbed 

Upon reducing the time obseivations the azimuth and collimation constants of 
he t^nsit wm become known Let them be « and c, and let the azimuA of tliTcem 
e re icule plate, counted from the mendian toward the left, be A Then 

= — (a-f-c) 
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There will be two values of c, one for clamp east and the other for clamp west 
The one to be used is that coiiesponding to the position of the instiument when its 
middle wiie was set upon the centei of the reticule plate If A exceeds one second 
of time tor seveial nights, the plate-holder must be adjusted by moving it one-thii tietli 
of an inch for each second of erioi 

The method of determining the erior of the thud adjustment has been alieady 
desciibed in section V 

XIIT— FITTINGS OP THE PnOTOGEAPHIO HOUSE 

The photographeis will examine the photographic house as soon as it is erected, 
and see that all white light is pertectly excluded A single ciack in the wall, 01 even 
an unprotected keyhole may cause ii reparable mischief Such openings aie leadily 
detected fiom the inside, and when found may be stopped up 01 coveied with yellow 
paper or othei suitable mateiial In full daylight the oiange-glass window will ad- 
mit too much light, and must be coveied with oiange envelope papei 

The emulsion chest, diying box, and plate boxes aie also to be examined, and 
any ciacks or othei openings closed up The diying box may be sciewed to battens 
fixed against the side of the liouse, 01, it nioie convenient, it maybe mounted on legs 
To lacilitate cleaning, the top of the box lifts off, and the bottom may be leinoved by 
taking out a couple of sciews 

Close to tlie left-hand side of the piei cariying the plate-holder a stand laige 
enough to support a chionometer and the blank foiin foi lecoiding tlie exposiue of 
plates will be lequiied A shelf long enougli to hold two jilate-boxes, side by side, 
will be fixed to the wall of the daik 100111 close to the iight-hand side ot the piei, and 
at a convenient lieight tor taking plates tioni, and letuimng them to, the boxes* 

A sbreeii should be intei posed between tlie plate-holdei and the boxes on the shelf, 
so that if the slide weie moved while the boxes weie open (whicli ought nevei to hap- 
pen) no light could fall on the plates That pait ot the opposite wall which receives 
the sunlight passing thiougli the plate-holdei should be blackened, 01 covered with 
daik-coloied cloth, so as not to lefiect light about the room 

If external objects illuminated by diiect sunlight aie visible tiom any part of the 
plate-holdei in any position of the slide, foggy plates and bluired images may be ex- 
pected, and under ciicumstances lequiring long exposmes any hght-coloied surface, 
exposed to radiation tiom the sky may pioduce similar effects 

An abundant supply of good watei is indispensable Foi developing diy plates 
almost any well, spiing, or iiver watei may be used, even if it contains lather laige 
quantities ot some salts and is not entirely free fiom 01 game mattei If it should be 
necessary to piepaie silver baths, water must be distilled if it cannot be otherwise 
obtained of sufficient purity 

XIV — OAEE OF THE SENSITIVE EMULSION 

The sensitive collodio-bromide emulsion is contained in bottles of oiange glass, 
only partially filled to facilitate efficient shaking After standing undisturbed for a 
long time the silver bromide partly subsides to the bottom of the bottle, but it may be 
perfectly re-emulsified by agitation. By inverting the bottle and looking through its 
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bottom toward the daik-room window, a moie or less abundant deposit will bo soon, 
and the shaking' should be peisevered in until this is entirely bioken up and washed 
away When this has once been thoroughly effected the bromide will be easily kejit 
in suspension by a little shaking at intervals of a day or two Collodion vials <*.on- 
taining emulsion should always be well shaken and then allowed to stand a few ininiites 
before coating plates As issued it contains a certain amount of coarse sodinioiit 
which must be removed by filtration 

The emulsion must not be exposed to white light, for although the bottles con- 
taining it are of colored glass they cannot be absolutely relied on to protect it troin 
ft IS tiue that some collodion emulsions may be submitted for a shoit time 
to the action of weak daylight without material detenoi ation, but in othei cases only 
foggy images can be obtained after such treatment Additional caution is riMniisite 
with emulsion that has been transfened to collodion vials of colorless glass l^lie 
greatest care must also be taken not to contaminate the emulsion by flowing it upon 
glass that is not perfectly clean, oi by putting it into bottles that have beeirexposed 
to light with traces of emulsion adhering to them 


XV —SELECTING AND MAEKING GLASS. 

The photographic operations will be begun by examining the stock ol oJass and 
rejecting all plates that aie broken or cracked, not sufficiently flat, with a, rouoh or 
uneven surface, too laige to enter the giooves of the plate-boxes easily, or havino any 
coinei so short that it will not lest secuiely on the pins in tlie phite-lioldei of the 
photohehogiaph A sufficient quantity of the best glass, not less than 204 i,hit<‘s is 
next to^be selected tor the transit plates, and after choosing the licst siirfaci* for tin* 
tiont, or film side, each plate is to be maiked in one cornei of the back with a mimbci 
beginning uith unity and pioceediiig consecutively upward This is to h(' done 
neatly and legibly with a writing diamond, and to facilitate lefeieneo to the linished 
photographs when stoied in plate-boxes the numerals should be so idaced as to be 
upright in the iight-hand uppei coiner of the plate 


XVI— cleaning and albumenizing glass 

Remove the sharp edges with a whetstone, and clean the o-kss from .,n,r 
mpumy that ntay be adhattngto tl Old 41 ms me best got nd of by so', kin . f, '“o 

impurities and gives off no vapo. mjurions toTimVte “ 


Solution for Cleaning Glass. 


Bichromate of potash 
Sulphuric acid - - 
Water - - - _ _ 


4 ounces 
6 fluid ounces 
50 flmd ounces. 
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Put tlie bichromate of potash into a two-quart bottle and pour in the water. 
Then add (out of doors) the sulphuric acid, a little at a time, shaking the bottle well 
and allowing it to stand a few minutes after each addition. It will become very hot 
ail d give off a little corrosive vapor, wdiich, however, soon disappears. If too much 
acid is added at once the liottle will probably be broken by tlie heat.- When the 
l)ichr()inat,e of yiotash is all dissolved, and the solution has cooled, it is ready for use. 
Pour it into a large rubber pan, and immerse, one at a time, as many plates as tlie 
solution will cover. If an}^ bubbles are allowed to remain between the plates they will 
jirevent the solution from acting- on the surfaces in contact with them. The glass 
should remain in the chromic solution througli ond night at least, and a still longer 
time may be desirable, but it ought not to exceed a week, or thereabout. 

Kemove the plates from the cleaning solution and put them into a pan or bucket 
of clean water. The solution may be repeatedly used; it will not injure the skin 
beyond causing a slight stain and a rather disagreeable odor, but it is very destructive 
to clothing. Renew tlie w-ater in. tlie Inicket, and separate the plates from each other 
until the yellow fluid adhering to them is entirely waslied away; then refill the bucket 
so a,s to leave them entirely covered witli clean water. 

The })lates are now to be taken one at a time from the bucket and rubbed 
with the fingers, or ivith a clean cloth, on both sides mid around all the edges while 
the water from the tap flows on them. After a final rinse tliey will be ready for albu- 
menizing. 

A lb u))mi Solution 

White of egg - - - i fluid ounce. 

Water ----- 16 fluid ounces. 

Strong ammonia - - 15 minims. 

Put the white of egg into a clean bottle of convenient size together with a few 
pieces of broken glass, shake it vigorously until tlie albumen is thoroughly “beaten,” 
and allow it to stand undisturbed for several hours. Then add the water and ammonia, 
mid shake just enough to mix the contents of the bottle, after which it should again 
stand for some time before being filtered for use. If tolerably fresh eggs cannot be 
obtained, 100 grains of dried albumen may be taken as the equivalent of i fluid ounce 
of white of egg, but the latter is much to be preferred. 

Filter the albumen solution into an 8 -ounce graduate until it is two- thirds filled, 
keeping the neck of the funnel under the sui-face of the filtered albumen to avoid 
bubbles. The few bubbles that unavoidably form maybe removed with a wisp of 
clean paper. 

When a plate has been washed and rinsed as already described, observe by the 
mai'k on the back which is the front side, and flow it with the albumen solution. 
After draining the plate for a few seconds, flow it a second time precisely as before 
and set it on a rack to dry, always keeping the same corner downward, and never 
touching the front surface or the uppermost edges. The plates will be apparently dry 
in the course of an hour or two after album enizing, but the albumen should be allowed 
to become thoroughly desiccated and hardened by keeping in a dry place, properly 
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piotected against dust, for several days if possible If coated with emulsion too soon 
after albumenizing, the films will be moie liable to blister and use from the glass din- 
ing dei-elopment, a misfoitune to be avoided by the exercise of eveiy possible piecaii- 
tion Tlie albumenized plates aie finally to be examined, and any imperfect ones set 
aside to be cleaned again 

As the peimanent maiks on the plates will scarcely be visible in the daik looiii, 
wiite the numbei of each one with a blue pencil, or with ink, in laige and plain hgni os 
on a gummed label, and attach it to the back of the coiiesponding plate in such posi- 
tion that when the lattei is put into a plate-box the permanent maik will be seen m 
the uppei light-hand coinei, and the numbei on the label in the upper left-hand cornei 
of the plate Re-examine them caiefully to insure that the two numbei s on each jilate 
aie identical, and, if found so, stoie them in plate-boxes foi use as lequiied 


XYII— COATING PLATES 

As the plates aie necessarilv exposed foi a considerable time to whatever light 
may be in the daik room while they are being coated, it is necessaiy to proceed with 
caution But by operating neai tlie window while the emulsion vials, and the rack hold- 
ing tlie plates alieady coated, aie protected from diiect light by iiitei posing sm’cens. 
It IS pohMble to woik with both ease and safety The oiitei dooi must, ot com so, be 
locked In \eiy waim weather it is moie comfoi table to coat plates nt night with the 
dooi and window oiien if tlieie aie no gas lamps oi other dangeious lights outsule 
It will be safe to use naked candles if they aie so screened that no diiect light from 
them 01 fiom any neaily white object stiongly illuminated by them can fall on the 
plates 01 the emulsion Light fiom gas or coal-oil lamps is more actinic than that of 
candles, and must be used with caution if at all Orange-glass lanterns ought to be 

cpiite safe if candles aie used in them, but it must not be taken foi granted that they 
aie so ^ 

Set one of the racks from the diying box wheie no diiect light fiom the window 
can fall on it, and have at hand a wide camel’s-haii brush, and a bottle containing a 
naixtuie of two volumes of ether and one volume of alcohol for thinning the emul- 
sion Be^n by thoroughly shaking the bottle of emulsion it is proposed to use ; then 
insert a tuft of filtenng cotton in the throat of a perfectly clean emulsion filter and 
moisten it with a little of the thinning mixture Set the filtei in a twelve-ounce col- 
lodion vial, pour m emulsion fiom the bottle until it is nearly full, put on the cover, 
wn/tl ^-glass over the»filter and vial to dimmish evapoiation and pie- 

of small pa holes of sediment, &o The emulsion should pass through in a lapid suo- 
I mZe ThtT 7 “'■earn at hrat, as 

:s.:riS'&mra:rier 1^:; 

Take a plate tom the plate-hot, and, holdmg it near tie window, see if the 
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albumenized surface is free from fibers and particles of dust. Such substances may be 
carefully removed with the brush, but actual brushing will leave marks on the albumen. 
Holding the plate by the corner that was marked with the writing-diamond, coat it 
with emulsion, precisely as if it were collodion, and, as soon as the film is set, put the 
plate in the rack. As emulsion is, under ordinary circumstances, rather less fluid than 
collodion it is possible that operators who are accustomed to use thin collodion, and 
coat their plates very deliberately, may experience some difficulty in obtaining a 
uniform film. Pour on a rather liberal dose of emulsion and cover the plate quickly; 
then incline the plate but little, so as to pour off very slowly, and impart to it whatever 
motion may lie necessary to prevent the formation of lines. The preca,utions usual 
with careful operators to prevent particles of dried emulsion on the lip of the vial from 
hdling upon the plate must, of course, be ol)served. It is sometimes recommended to 
pour from one vial and to drain the plate into another, so that enudsion once poured 
out may be filtered before it is used again; but this mode of operating is inconvenient, 
and will not be necessary unless the atmospliere of the dark room is charged with 
dust. The corner by whicli the plate was held while coating with emulsion is, of 
course, left uncovered; by looking toward the window through this clear space the 
permanently marked number of the plate may be read in tlie dark room, though with 
some difficulty. When the emulsioti becomes too thick to flow ^vell (or sooner if 
particles of foreign matter are seen in it) add as much of the mixture of ether and 
alcohol as may be required to bring it to tlie proper consistency, pour the whole into 
the emulsion bottle, and shake it until well mixed. Then transfer the filter to the 
empty vial, and begin using tlie full one. Tlie filter must not be allowed to become 
enqity. If the vial containing it is getting too nearly full it may be set in the emul- 
sion liottlo. Do not dilute tlie emulsion unnecessarily by using the thinning mixture 
too freely. 

When tlie rack is full of plates remov^e it to the highest unoccupied position 
in tlie drying-box, and avoid all further risk of accident to them by closing and bolt- 
ing the doors. The box will contain 120 plates, but it is better to make a smaller 
number at one operation, filling only every second or third groove of each rack. 
Wlie,n a sufficient number of plates are prepared return the bottle and vials to the 
emulsion chest, and wash the filter perfectly clean before the adhering emulsion 
becomes dry and hard. 

Plates freely exposed to the air of tlie dark room would be dry in an hour or 
thereabout ; in tlie drying-liox a longer time will be requiied,^ and several hours at 
least should be allowed. At night the top and bottom of the box may be taken off- 
When quite dry the plates are to be put in plate-boxes that are clean and free from 
dust, in tlie order of their numbers, with the films toward the back or hinge side of 
the boxes, the numbered corners uppermost, and the lowest numbers in front. Wrap 
each box in thick paper, secure it with stout twine, and mark plainly on the package 
tlie numbers of the plates it contains. 

With each batch of plates prepared for observing the transit at least two test- 
plates are to be made, one near the beginning and one near the end of the operation, 
using for that purpose some of the glass not selected for the transit work. The test- 
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plates aie to be dned with the otheis and afteiward exposed and developed If they 
prove to be good the rest of the lot is likely to be equally so 

XVIir— EXPOSUEE OF PLATES IN THE PHOTOHELIOGRAPH 

The sun’s image, as seen on the I'eticule-plate of the jihotoheliogiapli, geneially has 
an inegulai vibrating motion in different diiections, aiisiugfiom vaiious causes As the 
exposure of diffeient paits of the plate lying in the diiection of motion of the exposing 
slide is not simultaneous but successive, any movement of the image as a whole will pro- 
duce a distoition in the resulting photogiaph symmetrical with lespect to its veitical 
diametei, and inversely proportional to the velocity of the slide Moieover, the limb 
itself 18 in a state of constant and lapid local agitation, which in some conditions of the 
atmosphere is so exaggerated as to produce the boiling oi flaming appeal ance familial 
to all obseiveis It lesults fiom this that, quite apart from any distinctively photo, 
graphic efiect, the longer the exposuie the laigei the photogi’aph will be, and that if 
the motion of the slide is not uniform the limb on the side wheie the velocity was 
least will be extended moie than the othei So biief is the time of exposure that these 
effects are indeed ininute, but it cannot he assumed that they aie in all cases inappie- 
ciable It follows, theiefoie, that a given exposuie is moie advantageously made with 
a wide opening of the slit and a lapid iimtion of the slide than with a naiiow opening 
and a slow motion, and that the velocity should be in all cases as neaily unifoim as 
possible 

It IS expected that the chief astionomei will himself expose the plates on the day 
of the tiansit, oi, at least, that he will supeivise the manipulation of any peison to 
whom this duty is delegated, and see that such assistant has the lequisite iiistiuction 
and previous practice The movement of the slide should be as rapid as can be given 
■with ease and uniformity, letaimng control of it thioughout, and avoiding any approach 
to violence Toward the end of its course the motion should be slackened so as not 
to endanger the stops, but it should continue until the slide rests against them As the 
regulation of exposuie depends entirely on the uniformity of this movement, it should 
be practiced until a fixed habit is acquired It is of course important that there should 
be no great difference in velocity, whethei the motion is fiom east to west or fiom 
west to east To increase the exposuie, widen the slit by separating the sliding plates, 
to diminish it, bring them nearer to each other, alwa3'^s setting them so that the center 
of the slit shall be in line with the middle pair of screws The milled nuts must be 
screwed up so as to clamp the plates securely without using too much force 

In exposure considerable latitude is allowable, indeed the appearance of the sun’s 
image is so similar with very different exposures that the real importance of this 
element is liable to be underrated The planet requires less exposure than the sun’s 
limb, but good definition of the latter is the pnncipal end to be attained If With 
chemicals in good order and proper development the image comes out reluctantly and 
remains very thin, or if there is any material falling off in densit}’’ near the sun’s limb, 
the exposure is too short To find the coriect exposure, begin with one known to be 
sufficient, and gradually lessen it until signs of under-exposure just begin to appear 
If the image is distorted, or looks as if the plate-frame were out of focus, the defect is 
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most pi’oljalaly due to flexui'e of the mirror. The slightest tension arising from 
improper mounting, either of lens or mirror, will make itself apparent in this way. 

XIX.— THE DEVELOPMENT. 

The water used for washing the plates before development, and the developer itself, 
should have a temperature of at least 60 ° Fahr.; 90 ° to 100° is still better. If the 
weather at any of the northern stations should be cold, it will be well to have a small 
supply of warm water at hand for these purposes. 

The following solutions will be required : 

Alcohol and tannin. 

Tannin ^ 20 grains. 

Strong alcohol - - - i fluid ounce. 

Water ------ i fluid ounce. 

PyrogalUc solution. 

Pyrogallic acid - - - 3 grains. 

Water ------ i fluid ounce. 

This solution is decomposed by keeping, and only so much must be made at one 
time as can be iised immediately. 

Dilate ammonia. 

Strong ammonia - - 30 minims. 

Water ------ i fluid ounce. 

Bromide solution. 

Bromide of potassium - 20 grains. 

Water ------ i fluid ounce. 

To these may be added : 

Alkaline citrate solution. 


Citrate of ammonia - - 30 grains. 

Strong ammonia - - - 30 minims. 

Water ------ i fluid ounce. 


The dilute ammonia, bromide, and alkaline citrate are to be transferred for use 
to droppingibottles, so conspiciiously labeled that they can be easily distinguished 
from each other in the dark-room. It must be borne in mind that a drop from one of 
the tubes is much smaller than one from the lip of a bottle. 

Having put one fluid ounce of pyrogallic solution into one of the small, wide-mouthed 
bottles issued as developing glasses, begin by treating the film with alcohol and tannin. 
One principal object of this application is to harden the substratum of albumen. The 
solution should therefore be flowed back and forth over the plate for at least a minute, 
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and be returned to the bottle when the film is thoroughly saturated The manipuhitor 
is next to be wetted and applied to the back of the plate unless the operator, fearless 
of stained fingeis, prefers to dispense with it Wash the plate undei the tap, or with 
waim watei if neeessaiy, until the watei flows smoothly over the film Then add two 
diopsof biomide solution and two diops of dilute ammonia to the pyiogalhc solution in 
the developing glass and apply it to the plate, keeping it in gentle motion ovei the film to 
piomote equal development The image should appeal quickly and giadually mcre.ise 
in stiength Subsequent additions of dilute ammonia are to be made, a couple of 
drops at a time, as the appearance of the plate may indicate, accompanying every 
alternate addition with an equal quantity of bromide 

If it IS piefeiied to use the alkaline citiate, the developei is to be prepared at 
fiist as given above, and the subsequent additions will be of the alkaline citiate solu- 
tion only This treatment has given excellent results in some cases and is jiro vision- 
ally recommended 

The foimula given above is offered as a staitmg point for such modifications as 
circumstances may require, and not as an absolute standaid of universal ap[)lication 
The chaiactei of the image sought, the age and quality of the emulsion, etc , are 
vai ying conditions which rendei impi acticable tlie adoption of any i igid i ules The end 
111 view is, by means of a developei stioiig m pyiogallic acid and weak m amnioni.i to 
bung out an image of equal density thioughout, while the rest of the plate is kept clo.m 
by a sufficient quantity of biomide, or of biomide and citiate of ammonia A gi eater 
strength of pjnogalhc acid than that piesciibed can haidly be leqiiired, but this solution 
may sometimes be advantageously diluted If the image come out slowl}' it must be 
allowed to take its time, and not be foiced with too much ammonia It is scarcely 
possible to piodiice dense fog, but a veiled image is usually the lesiilt of an excess of 
ammonia Opeiators accustomed to the development of gelatine plates must be espi*- 
cially cautious in this respect 

The finished photogiaphs must belong to one of two classes It is not possible 
m the case of the sun to obtain an outline as shaip and distinct as m photogiaphs of 
the moon or of teiiestrial objects But the neaiest possible appioach to such a defi- 
nite line is precisely what will most facilitate measuiement of the plates, and this must 
be sought as being of much greater impoitance than the attainment of .my special 
standard of density. An image that is dull and bluiied, when held ovei a black sur- 
face and seen as a positive by leflected light, and that is thin and hazy when viewed 
as a negative by transmitted light, will be almost worthless, while one bnglit and clear 
as seen m eithei one of the two ways will be valuable If, therefoie, the opeiator 
finds it easy to produce a shaip and cleai image of the ambrotype variety he may do 
so,^ taking caie, of course, not to discontinue the development until quite ceitain that 
It is equal all around But if there is fiom any cause a tendency to discoloration of 
the film, giving a dull appeai'ance by reflected light, a gieatei degree of density will 
be requisite A slight veiling, even, is not veiy injurious if the image is clear and 
strong by toansmitted light No effort should be wasted in striving to attain an un- 
necessary egree of density, for, although it can haidly be too gieat, a very moder- 
ate density will suffice. 



TEANSIT OF VENUS, DEOEMBEE 6, 18S2 


XX— FIXING AND YAENISHING 

As soon as development is complete wash off all ti aces of the developer and 
with a weak solution of hyposulphite of soda Cyanide of potassium must not 
used 

Fixing solution 

Hyposulphite of soda, - - - - i oz to i oz 

Watei, 16 fluid ounces 

As the silvei hiomide dissolves rapidly, it is most convenient and safest to pom 
little of the fixing solution on the plate, flow it about until the film is cleai, and final 
dismiss it into the sink Then wash the plate thoioughl}^^ and set it in a lack to di 
After the lapse of sufficient time, several hours at least, varnish m the usual manu' 

XXI — BLISTEEING AND LIFTING OF THE FILM 

If the film sepaiates fiom the glass, 01 it small bhsteis foini neai the sun’s Iiid 
the planet, or the plumb-line, the plate is worthless, and no piecaution must be ne 
lected that can tend to prevent so great a mist 01 tune A substiatum of albumen tl 
IS too tliick, such as would be obtained by using a solution mateiially stiongei th 
that of the toimiila given abo\e, may be impel fee ll} co.igulated the cdcohol a 
tannin, and thus aggiavate the evnl it is designed to pievent It the diiections aheai 
given foi drying the albumenized plates thoroughly, and for satin ating the film wi 
the solution ot alcohol and tannin, aie followed, it is piobable that no tioiihle will 
experienced, but should a tendency to this defect manifest itself duiing the jnelimma 
piactice, specwl caution will be necessaiy in conducting the development of the tran 
plates Too much ammonia will act on the substiatum and must be avoided T 
development must be stopped as soon as the least allowable density' is 1 cached, a’ 
the plate must be fixed by pouring on the hyposulphite solution, and not in a pan 

XXII— SPOTS AND OTHEE DEFECTS 

Small ciicuhu transparent s[)ots may appear on the sun’s disk, which, if numero 
and ot a coitam size, might resemble the image of Venus and cause time to be lost 
measiuing the plates The emulsion furnished is lemarkably fiee fioin any tenden 
to produce these spots If they appear it will be flora one of two causes i Paitid 
of foieign matter in the emulsion, 2 Pai tides of dust that have settled on the ph 
aftei coating, especially if charged with chemical substances, such as might arise fi( 
solution of bichromate of potash spilled on the flooi of the daik-room The foin 
cause may be lemoved by pioperly filtering the emulsion, the latter must be avoid 
by cleanliness and gi eater geneial care 

Certain othei defects, such as pin-holes, ciapy lines, &c , do not mateiially detri 
from the value of the plate, but every opeiator who caies for his leputation will nevi 
theless seek to avoid them 

XXIII— PEEP A E ATGET PEAOTICE 

To familiarize themselves with all the details of then woik and with the materi 
they ai’e to use, the photographers will begin to prepare, expose, and develop plat 
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in accordance with the foiegoing' instractions, as soon as possible after arriving at their 
station, and will continue such exeicise until the chief of the paity is satisfied that 
they can pioduce solar photogiaphs of satisfactory quality with ease and ceitainty 
They will avoid any unnecessary expenditure of materials, and will take care that a, 
sufficient supply of eveiythmg is leseived foi the opeiations of the transit day If 
the bottles of emulsion aie labeled with different letteis it signifies that pyroxjdinos of 
slightly diffeient chaiactei have been used Test the contents of each bottle, and if 
notable diffeiences of quality are found to exist among them, reseive the best foi the 
transit plates, or mix the vaiious kinds judiciously, as may appear to be pieferable 
It has been aheady lemaiked that the person who is to expose plates during the 
tiansit must acquiie a fixed habit of manipulating the exposing slide, and that unless 
an approximately umfoim motion can be thus obtained there will be no means of 
legulating the exposure Having seemed a tolerably uniform action of the slide by 
whatevei piactice may be requisite, proceed by trial according to the instructions given 
for asceitaming the coiiect exposure, to find the proper opening of tlie slit when the 
sky is quite clear and the atmosphere in the most favoi able state This wall he the 
least opening that can be used at any time, and the one with which tlie observation of 
the tiansit will be commenced if the weather should be good 

If the sun is obscured by clouds so as to be visible foi a few nii mites only during 
the tiansit, it will be necessary to woik as rapidly as possible The manual of opera- 
tions piesciibed foi the observation of the tiansit will permit plates to be exposed at 
intervals of only a feiv seconds if every one is perfectly familiar with his duties In 
order that each may be prepared to peifoim his pait of the work piomptly, the whole 
paity must be dulled fioin time to tune, going through wuth all the details of making 
the lecoid, <§;c, except that plain glass will be used instead of sensitive platen, and 
theie ivill, of course, be no development 


XXIV — PEEPAEATION POE THE TEAESIT 

When the photographers have become sufficiently familiar with the process they 
are to use, they will begin to prepaie a stock of dry-plates to be used in ohserviinr 
the tiansit Eighteen plate-boxes, capable of holding twelve plates each, ai o supplied 
to each paity Seventeen of these are to be filled with dry-plates, leaving one box 
empty The plates are to be aiianged in the boxes m the older of their numbeia as 
already directed, and the boxes must be so maiked that the plates can be exposed in 
consecutive order The lemaimng glass should be cleaned and albiimenized, to be 
used with wet emulsion in case of emergency, and a sufficient quantity of the develop- 
ing solutions for fifty or moie plates must be provided 

Eveiytlung belonging to tlie photoMiograph mart be in coneot adjustment 
and in good woikmg ordei, especially the clock-work of the heliostat, winch must be 
so well legulated that it can be left to itelf fo. several minutes without nllowmo the 
siin 8 image to get too far fiom the centei of the plate See that the miiioi leiis° and 
i^ticule-plate are perfectly clean, and lemove any dust that may adhere to the’lasto 
named by wiping it with chamois leather If artiScal light is lequired ZZadZl 

ZtZZZl » 0-ng-glasa lant 
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XXV.— PHOTOGEAPHING THE TEAXSIT. 

Photographs are to be taken only while Venus is completely within the limb of the 
sun. When the chief astronomer decides that the planet has progressed sufficiently far 
upon the siin’s disk, the automatic l)reak-circuit key of the e.\posing slide will be put in 
circuit with tlie chronograph, that instrument will be started, the members of the party 
will repair to their respective stations, and, after locking the outer door of the photo- 
graphic house, the exposure of plates will begin. The services of four persons will be re- 
quired; if the party consists of but four, their duties will be as provided in what follows: 

The assistant astronomer will be stationed at the heliostat, where he will watch tlie 
image of the sun on tlie target of tlie exposing slide, a.nd keep them nearly concentric 
by an occasional movement of the tangent screws. The image must never be allowed 
to get so far from the center as to partly uncover the black disc of the tai’get. He 
will also note the condition of the sky, and give prompt warning to tliose in tlie pho- 
tograjihic house when the sun is obscured by clouds, and wlien it reappears. He will 
occasionally see that the chronograph is working properly, and give notice when it 
must be stopped to renew the paper. And finally, he will read the barometer and 
thermometer as directed in another part of these instructions. 

The chief astrortomer will make the exposures and keep the record in the following 
form : 



At ; Chrononieter 


Plate e.'c- 

Time of exposure by — 

; Plumb-line 

Slide 

'Pern]). 

posed. 

Chronometer. 

Chronograph. 

pointer. 

moved. 

J'-al.r. 1 

No. 

h, ill: s. 

h. m* s. 



u 1 


When the number of a plate is called he will enter it in the first column, and, 
taking tlie time from the chronometer, he ndll make the exposure at some beat of the 
latter, and, after giving the chronograph signal, or “rattle,” with the break-circuit key, 
he will enter the chronometer time of exposure in the second column. The time re- 
corded by the chronograph will be read off, and filled in, subsequently. 

In the column headed “plumb-line pointer’’ he will write E. or W., as the case 
ttiay be. The pointer should be frequently reversed, but if the change is made after 
the exposure of every plate, the plumb-lin% will probably never be quite at rest. A 
much better way is to expose the plates in gi'oups of six, the plates of a group follow- 
ing each other in i-apid succession. Then reverse the pointer and give the plumb-line 
time to come to rest before exposing the next group of plates. 

In the column headed “Slide moved” write E. or W., according to the direction 
of that motion. The movement should be alternately eastward and westward, and 
the slide must always be left resting against the stops that limit its course. 
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^cord thetempeiatraeof thephotogiapMclionsein .tap. ope. column at inte.vak 
ot half an hour, oi more fiequeutly if the change is lapid 

In the column foi lemaiks any pecuhaiity of the plates, of the exposure given, 
shoulder mlter^^ conditions, and any othei circumstanee likely to affect the lesult. 

When tlie chief astionomei desires a pause in the woik to follow the exposuio of 
a. y plate he .ill notify the photogiaphei who changes the plates of his nitentiou 
betoie giving the exposine, so as to avoid uunecessaiy handling of the plates 

When a plate has been developed he will examine it, and, with the advice of the 
pio ogiapheis, decide whethei any change in the opening of the sht is-desiiable 

aftei the plates into the plate-f.ame, and lemove them 

atte then exposuie He will commence operations by placing the empty plate-box 

£d r If r If wf '‘T ■■ left- 

^ diiected to proceed he will open the left-hand box, take 

keep n' tCslf 1’ plate-fiame, 

Tr ^ uppermost, and caiefiilly avoiding any contact 

with he pluinb- hue After seeming the plate with the cuived spiing he will Vose tl e 

be m the Lippei left-hand coinei of tlie plate-frame He will then watch the back of the 
p ate closely to see that tlie sun’s image is not too neai the edge of the plate If the 

wlctX “r" •“ “l“f Xouome. 

WI.en tlic .inago appeals for ,iu instant on the plate he will omi. the i.o-ht-h'inil 

box, take the plate horn the plate.f,a,„o, cany it to the farthest g.oov . h CX a 
hen close the box Without waiting for o.ders he will then open the lefohand box 
me out the non. eat plate as licfoie, mid so on, always keeping tlio back of the plate 
owaid himselt, and the numbeis uppermost, and always leplacing the plate in tlie 
faithest unoccupied gioove of the nght-hand box ^ 

When the nght-hand box is iuU the other will he empty, the full box must tlien 
have a gummed label pasted over the hook in fiont, so thjt « cannot be easily olned 
and must be put in some place specially designated for the leception of exposed Xtes’ 

senes to the left of it as before, and so proceed until all the plates aie exposed 
up in clTeXtri 

_ ne other fli^tographer will develop plates dining the whole time of the transit 
beginning wnh the one first exposed As each plate isfaed and washed hewnierX 

astrinZrt aX^lZrnTarn^yTetZ^ C; ‘Z f 

seen, a considerable number of photographs should be secured at once, reservm<. 

^ o 
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some plates to be used if the weather should prove better than was anticipated If 
the sun is visible at inteivals between passing clouds, everyone must be at his station 
to take instant advantage of every oppoitunity that may offer 

The sun may be paitially obscuied by thin clouds or by a hazy atmosphere, so 
as to lequiie very long exposures After the slit has been opened as widely as pos- 
sible the exposiue can be still fuither increased by a slower movement of the slide, but 
good lesults can hardly be expected undei such circumstances 

XXVI— DEVELOPMENT AND PACKING OF TRANSIT PLATES 

As soon after the transit as possible the photogiapheis will begin to develop the 
transit plates, and will continue that work without unnecessaiy inteimission until it is 
comiileted Aftei dijnng and varnishing the plates they will be put in the plate-boxes, 
and kept from shaking about by small lolls of Joseph paper, long enough to leach 
crosswise over the tops of the plates, and just large enough to hold all the plates 
fiimly, without too much foice, when piessed down by the hd of the box Two such 
rolls will be put in each box The boxes are then to be covered with strong paper 
and tied with stout twine 

In separating the plates into two or more lots, to be forwarded at diffeient times 
to Washington, the plates of each lot should be selected so as to include all penods of 
the tiansit If theie aie only two lots, one should contain all the even-numbered 
plates, and the other all the odd-numbered ones 

XXVII —WET EMULSION PLATES. 

Wet plates may be pi spared with emulsion if any accident should cause the loss 
of a gieat pait 01 all of the dry plates when it is too late to leplace them A glass 
plate cleaned, albumen ized, and coated with emulsion, as aheady directed, is to be 
immeised in clean water contained in a pan 01 dipping -bath as soon as the film is set 
When the water flows smoothly over the film, as the plate is lifted, the exposuie may 
be made, but the plate may lemain in the watei for any reasonable length of time 
without detiiment Such plates are developed precisely like dry ones, omitting the 
picdiminaiy treatment with alcohol and tannin They develop more rapidly than dry- 
plates made fiom the same emulsion 

XXVIII— BATH WET PLATES 

Collodion shrinks gieatly in dij<ing, but when once dry it swells but little if 
wetted either with alcohol 01 water A film that has been diied before it is exposed 
IS to be prefeired, theiefoie, to one that is exposed while wet, for photogiaphs that 
are to be accuiately measured And dry-jilates can be exposed so rapidly in the 
photoheliogiaph that if the sun should be visible foi a shoit time only during the 
tiansit, a most impoitant advantage would be gamed by employing them For these 
and other reasons, it is expected that they will be used But if from accidental loss 
of materials, from lack of expeiience, or from any other cause, the photographers are 
unable to prepaie and develop emulsion diy-plates successfully, they will have recourse 
to the usual bath piocess It must be definitely decided in advance which piocess 
will be used, and preparations must be made foi that one only. 

5 INS 
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If a lesoit to the bath wet process is deemed advisable, the services of at least 
one additional photogiaphei must be secured if possible With three oi four photog- 
lapheis it will piobably be best to have the chief photographer collodionize all the 
plates and immeise them in the baths, keeping his hands clean The other photogra- 
pheis will withdraw the plates from the baths and diain them, put them in the plate- 
frame, and call then numbers Aftei exposure they will remove the plates from the 
plate-fiame, develop, fix, and wash them, and, finally, put them in the drying racks 
Each photogiaphei will go thiough the whole couise of those manipulations with 
evei} plate he takes fiom the bath, and the diffeient opeiators will follow each othei 
as rapidly as the limited accommodations of the photographic house will permit 

The best collodion is one that gives a rather hard and patchy negative, for soft- 
ness, and coirect rendeiing of light and shade, are rather to be avoided than otherwise 
The following foimula is recommended 

Btomo iodtzed collodion 


Alcohol - -- -- -10 fluid ounces 
Ethel ------ 10 flm(j ounces 

Iodide ammonium - - 40 giains 

Iodide cadmium - • - 60 grains 

Biomide ammonium - - 20 g'lains 

At least thiee silver baths will be lequired They should contain 40 grains of 
nitiate of silvei to the ounce of water, and enough nitric acid to redden blue litmus 
papei slowly On lemoving the plates from the bath diain them as tlioiouglily as is 
consistent with lapid woik, and wipe then backs Develop with 


Developer 

Piotosulphate ot iron - - 
Acetic acid No 8 - - - 

Water 


1 ounce 
1 J fluid ounces 
20 fluid ounces 


propoiaons may be vaiied, however, if it is found advisable to change 
I^er qSdt™ » to cleai- tlie film 


XXIX.— GEiraiEAL PEBOAUTIOXS 

Photographers who are accustomed to the use of dry-plates will be careful from 
habits alieady foimed. but those who have praetieed only the 111 wet pToet n ^ 
be cautious mdeed to avoid the loss of plates by acLental e^r^ to 

with open doors ravoi/r - <>‘y“rboii must never be allowed to stand 

open doors to avoid the ineonvemenee of opening and closing them ftequently. 
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Emulsion bottles and vials must be replaced in tbe emulsion-chest immediately 
after using them, even if they will soon be wanted again. The lid of the chest 
should be secured by a strap or otherwise, so that it cannot be left open. The chest 
must be kept locked, with the key in some specially designated place and not in the 
key-hole. 

When filtering emulsion, and while making or exposing plates, the outside door 
of the house must invariably be locked. 

And, finally, the various manipulations that have been described in these instruc- 
tions must be conducted with constant and scrupulous reg'ard to cleanliness. It is only 
by conscientious attention to details like the foregoing, which are by no means trivial, 
that successful results can be confidently anticipated. 

XXX.— THE CHRONOGRAPH. 

The speed of the chronograph is governed by a vibrating spring whose normal 
rate of motion is one hundred and thirty-two vibrations per second. In regulating it, 
the time of revolution of the cylinder must be made correct within about two per 
centum by moving the sliding weight near the root of the spring, and then the final 
adjustment can be effected while the instrument is running by slightly loosening or 
tightening the capstan-headed screw confining the cheeks between which the spring is 
held. 

The speed of the train is so great that to avoid detrimental friction all the pivots 
must be frequently oiled, but especially the escape-wheel pivot, and those near it. 
Weights of one hundred, fifty, twentj^-five, and twenty-five pounds are furnished with 
the instrument, but. in ordinary summer weather one hundred pounds drives it well. 
In winter, a little more may be needed. The weight should have space to fall three 
feet. This suffices to run the instrument two hours, and if it is wound when a fresh 
sheet of paper is put on the cylinder, it will not require winding again till the paper 
is changed. 

XXXI.— TIME OBSERVATIONS AND CHRONOMETER COMPARISONS. 

Should the station not be in telegraphic communication with a fixed observatory 
from which local time is received, two azimuth stars above the pole, two below the pole, 
and six or eight time stars should be observed with the transit instrument on every 
night when it is practicable. One-half the observations of each class should be made 
with clamp east, the other half with clamp west. Should the observer be able to get 
his local time from a fixed observatory, his own determinations may be omitted when 
not necessary to the success of the expedition. They must, however, be carefully 
attended to, so far as may be required, either for the determination of his own longi- 
tude, or for compai-ing his local time with that of other parties in the neighborhood. 
In any case, enough observations must be made to determine the azimuth of the photo- 
heliograph and detect any changes that may occur in it. 

All chronometers at the station must be compared daily, when they are wound, 
unless the local time and longitude are so well determined that no interest attaches 
to their running. It will sometimes be necessary to carry one of them about. 
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but the others should never be moved when it can be avoided Every care should be 
taken to keep them at as uniform a temperature as possible, and the degree of heat to 
which they are exposed should be noted and recorded three or four times a day 

XXXII —EXOHAFGE OP TIME WITH OTHER PARTIES 


Should any opportunity offei for the comparison of local time or chronometers 
with parties from other countries, it must be improved In such case, the observer 
must be careful to keep a complete copy of the compaiison, and to assure himself that 
he has all the data necessary for determining the difference of longitude between the 
stations oompaied 

XXXIII —LATITUDE AND LONGITUDE OP STATION 


The latitude of the station must be determined with the mendian instrument, 
used as a zenith telescope, and not less than thirty-six obseivations should be made 
upon at least twelve pairs of carefully-selected stais 

Special attention rnust^ be paid to getting the true longitude of the station, but 
the best method of doing this will depend upon circumstances If the station is in a 
region covered by an accuiate trlgonometncal survey, or if it is in telegraphic com- 
munication with a fixed observatoiy, the determination of its longitude w ill be com- 
paratively easy In any case, the observei must be on his guard against depending 
upon a single result If accurately known trigonometncal points are available, the 
position of the station must not be determined from a single one of them, but from at 
least three, whenever possible If telegraphic signals aie exchanged with a fixed 
observatory, the exchange should be continued through not less than three evenings 
At places wheie neither the trigonometncal nor the telegraphic method is available 
recourse must be had to occultations and moon culminations In observmg the latter’ 
care should be taken that the number of observations before and after full moon are 
nearly equal, and that in each class about as many observations are made by the 

assistant astronomer as by the chief of paity Instructions respecting occultations 
are given in section XXXV , 


^3:iV— THE EQUATORIAL TELESCOPE 

At^ stations wheie it is necessary to observe occultations, the mounting of the 
equatorial must be commenced as soon as possible, taking precedence of that of the 
photogiaphic pmrs The site selected must be such that the instrument commands a 

goo view of the eastern and western sky, to within five degrees of the horizon if 
practicable 

Gauttm—The shade glasses supplied with the double-image micrometer are so 
constructed that they can be employed tolerably safely upon a blight sun with the 

1 telescope, but as a matter of precaution, they should be warmed 

a little beiore iisinfi* them, and thfi tftlpap.nnpi jalmnlri 1 a-A. — J. ^ J _ J iT 
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once, to the great danger of the observer’s eye. For that reason they must never be 
used apart from the Herschel solar prism. 

XXXV.— OCOULTATIONS. 

At stations whose longitude is not otherwise determined, all visible occultations 
of stars by the moon which occur during the stay of the party, must be carefully 
observed. To facilitate this work, the instants of the emersions which happen after 
the full moon may be computed in advance. 

From the time the new moon first becomes visible until her full, she is to be care- 
fully watched with the telescope to see what stars will be occulted. These can be 
recognized from thirty to sixty minutes beforehand by remembering that the course of 
the moon is nearly at right angles with the line joining her cusps, and that she moves 
nearly her own diameter in an hour. Whenever there is a chance of seeing an occul- 
tation, a map of the relative positions of the moon and the stars in its neighborhood 
must be made; and if the occultation is actually observed, the exact point of the 
moon’s limb at which the star disappeared must be noted on the sketch. Nothing 
must be recorded as an immersion or emersion except the actual sudden and distinct dis- 
appearance or re-a.ppearance of the star at the moon’s limb. If the star is lost in the 
moon’s rays at that moment, the fact should be stated. Every observation must also 
specify the maker’s name and number of the time-piece employed, and whether the 
occultation was well observed, and if not, what amount of uncertainty attaches to it. 

Great care must be taken to guard against errors of 10® in the record, and, to 
this end, it will be well to have an assistant call aloud every tenth second, “o,” “10,” 

“ 20,” etc. 

The chronograph may be used in observing occultations, but in that case a frac- 
tion of a second will be required for the observer to become conscious of the phe- 
nomenon, and to give the signal, and this interval must always be estimated by the 
observer, and recorded in the memorandum-book. But, the chronograph should never 
be trusted to exclusively, and, when used, either the observer himself or his assistant 
should note the chronometer time of the occultation, or of the signal with the key. 

XXXVI.— UENBEAL INSTRUCTIONS RESPECTING OBSERVATIONS OE CONTACTS. 

The first question which the intending observer of contacts has to consider is 
whether the appliances at his disposal a.nd the circumstances in which he is placed 
will permit of his making observations of astronomical value. If they do, especial 
pains and minute .attention must be devoted to all the necessary preparations. The 
following is an outline of the general plan of operations: 

Determination of time . — The most essential requirement is that the observer shall 
have the means of determining his local time within at least one or two seconds At 
fixed observatories there need be no difficulty in this respect. For the benefit of 
observers at other points it is intended to make arrangements with the Western Union 
Telegraph Company to transmit time-signals from the Naval Observatory to every 
part of the country. Individual observers who receive their time in this way should 
communicate with the authorities at the nearest telegraph station, and, in the event of 
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any doubt, addiess the Superintendent of the Naval Observatory, Washington, on the 
subject Detailed information and instructions for receiving and understanding the 
time-signals will be sent to all who desire it in advance of the tiansit 

S% 3 e and qmUty of telesco;pe — The apeiture of telescope to be preferied in the 
obsewations is from 5 'to 6 inches In order that all observations may be as iiearl'y as 
possible comparable with those made in the Southern hemisphere, it is leconimeiuled 
that observeis with telescopes exceeding 6 inches m apertiiie 1 educe the apeituio to 6 
inches in obseiving all the contacts Apertuies as small as 4 inclies may bo used 
without seiiously detiactmg from the accuracy of the observation Below 4 inclios 
the value lapidly diminishes, and 3 inches may be regaided as the smallest with 
which obseivations of leal value can be made It is impoitant that the objective 
should be of good quality, forming round, neat images of stars, with a powei as liigli 
as 200 To test the objective, alternately push the eye-piece in and diaw it out so 
that the star shall piesent the appearance of a disk of light If the objective is good, 
this disk will be lound and of unifoim biilliancy , if the disk is iiiegulai in outhiie, 
with permanent blight 01 daik regions in it, it shows the telescope not to bo good 
Magnifying power The eye-piece should have a magnifying power not less than 
150 nor much more than 200 Between these limits the choice may be regaided as 
indiffeient 


Mounting —An equatoiial mounting is nearly indispensable to an accurate obsei va- 
tion Observers practiced in the use of an altazimuth mounting may possibly make ai 1 
observation with one of that class, but they must be able to keep an object in the 
center of the field A clock-motion is desirable, though not indispensable If then o 
IS no clock-motion the telescope must be firmly mounted, and the observer must Im 

well practiced in moving the eye-piece steadily with his hand so as to keep an obioc.t 
in the center of the field ‘ 

Micrometer —A r egular filar micrometer will not be of any use as an instrument of 
measurement, but spider-lines of some sort are desirable for the double purpose of 
insuring an accurate adjustment of focus and of estimating the brilliancy of tlie sun’s 
disk If the telescope is not supplied with a micrometei the observer should have a 
positive eye-piece, in the focus of which he should insert a spider-hne 01, bettor yet if 
e 18 able to do it, a pan of spider -lines at such a distance that the angle between 
them shall be or 2 '' of arc In a 6-foot telescope the required distance tv, 11 bo loui 
,000 of an inch The observer should find by previous trials on the sun and stars the 
exact point when the spider-hnes are in the focus of the objective so as to insure tlicir 

mlk o” “ 

bi. r„rar 

and .d 
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^'X|>aiid freely, it will be possible to use with safety an aperture of five inches upon 
55 ' telescope of six feet focus. It is, however, recommended that, Avherever possible, 
«orne other means of diminishing the sun’s light be employed. Silvering the object- 
ive might be recommended, except for the possibility of cutting off too much light 
III n, hazy atmosphere. The polariscopic eye-piece is commended for its convenience 
lu use. If the observer cannot aAmil himself of it, a diagonal eye-piece with a re- 
flector of plain unsilvered glass is recommended. In such an eye-piece the reflector 
i'"i placed a little in front of the focus at an angle of 45° with the axis of the telescope, 
ikfing unsilvered, 92 per cent, of the light passes through it, and should be permitted 
to leave the telescope through an opening so- as not to heat the air or the reflector, 
'riie remaining 8 per cent, of the light is reflected from the two surfaces of the glass. 
In order that these two systems of reflected rays may not cause confusion, the glass 
should be ground wedge-shape, and so arranged that only the reflection from the first 
surface may reach the eye. ‘Since 4 per cent, of the sun’s light will in nearly all cases 
be too great for the e3"e, the observer shoiddalsobe provided with shade-glasses to still 
further diminish it. A neutral tint is to be preferred for all such glasses. 

Day of the Transit . — It is essential that every observer intending to make a really 
accurate observation should have little else to attend to during at least an hour or two 
before the first contact he is to observe, and should be entirely free fi'om visitors and 
in(|iiirers. The points to be particularly attended to are the firmness of the telescope. 
Ids ability to move it in such a way as to keep any required part of the sun’s limb 
steadily in the center of the field, and the accuracy of the focal adjustment. A mere 
estimate of an accurate focus about the time of observation should not be trusted to 
if it can be avoided, because the eye itself is liable to change its accommodation in 
this respect. The surest course is to have a pair of spider-lines previously fixed in the 
astronomical focus and to adjust the eye-piece so that these lines shall be sharply defined 
on the sun’s disk. The observer can then be certain that his focus is right so long as 
the definition of the wires continues good. 

The degree of brilliancy of the sun’s disk as seen by the eye is to be particularly 
jittended to. It was recommended by the Paris International Conference that the disk 
should be darkened to the point at which a pair of spider lines i" apart could just be 
HCJtui distinctlj" separated. But as this test may not suffice, and as the observer may 
find insuperable difficulty in fixing the wires so close to each othei', some other tests 
should be employed. We may lay down limits as follows: 

I. If the brilliancy of the disk is such as to be at all unpleasant to the eye, or if 
tliere is any appearance of glare* surrounding the sun’s limb, then the light is too 
bright and must be diminished. 

II. If there is any difficulty in seeing the limb well and brightly defined, then the 
lig'ht is too faint. .Perhaps a good rule will be to shade off the light to such a degree 
that with the center of the sun in the center of the field, the whole field is as bright 
as the observer finds it not unpleasant to look at continuously, and yet not so bright 
;(,s to render the mottling of the photosphere indistinct. Then, since the sun’s limb is 

^ This word is here used, not in the S' use of a general atmospheric illumination, hut in the sense of such a reful- 
gence as to produce an appearance of indistinctness of outline through that excitation of the eye itself known a.s 
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les-. than halt as bught as the centei of its disk, it may be presumed that t,lio latter 
>\ ill be about of the light shade But it must always be remembered that the slight (‘.st 
glaiv. indicates too gieat a biilliancy 

^ et anothei guiding lule will be that the most distinct and easy view of the sun’s 
limb I'! to be aimed at 

Likmnl contact — To make a really good observation of this contact two conditions 
are essentially necessaiy m addition to all which have been desciibed The observ'er 
must have had some piewous piactice in observing first contacts, and he must know 
exactly wheie to look foi the contact 

The fiist condition can be well fulfilled by the artificial transit of Venus apparatun, 
e.t winch 1 IS intended to have one oi moie in Washington available foi observers 
J 01 the second condition it iS essential that the observer shall have the uieans of 
>c ing t le spidei -lines in the field of view to any reqmied angle of position Within 
1 . Lmted States Ae fiist contact will occur a 1 a point of the limb fomid by aieasuiA.g 
14 / horn the north point towards the east The spidei -lines should be set at ri<>ht 
ang es o t at ladius of the solar disk which terminates at this point of the limb I’him 

mMe ot this segment The tabular- time of &st contact at any point 0^^ 0 01^ 

uoi : 'Th 

,„e r‘""- 

«.,.d.d ai L hoa.s7^ruurw.i . -'ay 

imnutM before uine a ni Omng howera- to Z Vl '’““’-’“'"S ’* 1'' o 

'atwne of the haastt ,„ll help J’m cZ/ 

"ill oecm a latge fraction of a mmute earliZl -'*“'** /“Z 
tiue pose, hie eiror, it ,3 recommended that ZZ* P'-e*o‘e<i time To allow for 
minute betoie the computed time The follow • exactly ono 

pntation which the obive, shoZ i tl? “d 

-I... to begin loohing Snppoee the place t^ be cZZ f Z Zto 

Washington mean time . . 

Bed action to external contact ” ' 21 i6 40 

Wellington time of tabular contact ^ 

\\ ashington time to begin looking ... ■ "■ ' -205525 

The ubseivei should avoid lookina- befor. 7 ' 20 54 25 

The time to be noted is that at which the f bis eye 

;-t beeomes visible The obseuJmat advancing XZ 

“• Jeally a peimanent notch, but the timrto7^*^^ seconds to be sure that 

the time to be given .3 that when it was 



TRANSIT OP VENUS, DECEMBER 6, 1882. 41 

first certainly seen. If he did not catch the first moment when he could see it, that 
fact must be stated. 

Internal contact . — Owing to the importance of this observation and the necessity 
of special attention to it, it is recommeiided that the observer have little else to 
attend to during the 21 minutes between it and external contact. It is now believed 
that measures of the cusps with a double-image micrometer should not be undertaken 
during this interval, owing to their fatiguing the eye and distracting the attention of 
the observer. 

It is essential that the observer should allow his eye nearly perfect repose for 
several minutes before the contact. It is quite right and proper that he should take a 
general view of the phenomenon at short intervals, and note the appearance presented 
by the outline of the planet, but he should not exercise his eye and attention in endeav- 
oring to make any difficult observation. 

His sei’ious attention will be first required some two minutes before the expected 
time of contact. There is every reason to believe that the entire outline of the planet 
will then be visible, that portion not on the solar disk being bounded by a fine line of 
light, supposed to be due to the refraction of the atmosphere of the planet. Indeed, 
this line may be visible from the first moment of the planet’s appearance, and the 
changes which it undei'goes in the relative brilliancy at different points will be a sub- 
ject of great scientific interest. Although observers of accurate contacts must guard 
ag’ainst fatiguing their eyes by minute observations on this aVc of light, observers 
who have not the appliances for making the best observations of contact might well 
devote themselves to its cai’eful study. 

ft/ 

One of the great difficulties in the observation of internal contact will be to 
avoid confusing this line of light, which may grow brighter as contact approaches, 
with the direct light from the sun’s limb, which will be seen after contact. The 
distinction of tlie two is a matter of judgment which must be left with the observer. 
In what follows we, for the most part, make abstraction of this appearance, describing 
phenomena as it it were not present, and the observer must in like manner seek to 
observe as if it were not present. 

The moment to be observed as that of true internal contact is when the limb of 
Venus is exactly tangent to that of the sun. It is, however, found by experience that, 
although easy to think of this tangency, it is difficult to observe it with the requisite 
precision, owing to the imperfection of vision, and especially to the irradiation produced 
by the eaiTh’s atmosphere and by any imperfections in the telescope. The phenomena 
to be really observed are defined as follows in the instructions of the International 
Conference held at Paris in 1881 : 

“At ingress the moment to be noted is that at which the observer sees for the last time an 
evident and persistent discontinuity in the apparent limb of the sun near the point of contact with 
Venus.” 

“At egress the moment of the first appearance of a well-marked and persistent discontinuity 
in the illumination of the apparent limb of the sun at the point of contact.” 

However well these definitions may apply to the actual phenomena, they are not 
sufficient, without further explanation, to enable the observer to know what is contact 
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under all circumstances Indeed, the Conference itself added a number of insti notions 
of what was to be looked for under special ciicumstances For these instructions the 
following are, however, substituted by the American Commission 

We must first remember that just before internal contact at ingress the suns 
limb will be broken off by the advancing planet, and that portion which is visible 
neai the point of contact will present the appeal ance of two fine sharp horns, the 
points of which wall slowly approach each other The moment of ti ue intei nal con- 
tact IS evidently that at which these points exactly meet But since they cannot be 
seen by the eye to meet until the completed line of light becomes thick enough to be 
seen, the observer must not expect to see the thread of light actually complete until 
after the contact has passed As a general rule, therefore, he must note what is to 
be seen just before this thiead of hght becomes evidently complete What he sees 
will depend very largely upon the clearness and steadiness of the air The most 
favoiable circumstances for observing true contact are those in which the cusps appear 
steady and sharply defined against the black background of the sky There will 
then be little difficulty in catching the moment at which they are first about to meet, 
which wiU be that of true contact 

In most cases, however, especially if the sun is low, the outline of the cusps will 
be wavy and seiTated, their ends will be more or less lounded instead of being sharp, 
and theii outline will be'continually changing in consequence of the apparent undu- 
lafing motion pioducefi by the atmospheie The greater this vibratoiy motion and the 
more the cusps are blunted the moie difficult it will be to catch the moment of true con- 
tact The following lules are then to be boine in mind by the observer So long as the 
dark region between the cusps which connects the black disk of Venus with the black 
sky outside the sun letains its full darkness, without any apparent motion or undula- 
tion going across it, so long contact has not occurred, and this although the planet 
may seem entirely within the true outline of the sun It would be well for the 
observer to have an assistant at the chionometei to whom he can from time to time 
call out the words “not yet” The assistant should write down the second by the 
watch or chronometer at which the observer commenced to pronounce these words 

Instead of the cusps uniting into a fine, steady line ot light, the observer may at 
a ceitain moment begin to see an undulating motion extending all the way across this 
daik space He will soon after see that this motion is due to the continually increas- 
ing line of hght, which is broken into threads and waves by atmospheric undulation. 
Fiom and after the time that this undulation is permanently seen contact is certainly 
passed It would be well, when it is fiist fully recognized, that the observei should 
call out “past” to his assistant, who should note the time at which the word is spoken 
If he has made no mistake in his estimates the time of contact will be limited between 
the last moment at which “not yet” was spoken and the first moment at which “past” 
was pronounced 

^ In the event of the cusps appearing much rounded, the further Venus appeals 
inside the disk of the sun, as completed in the imagination by continuing its outline 
across the daik region, the more careful must the observei be to catch the fiist line of 
true sunlight extending across It may be assumed that if the seeing is at all good the 
undulating Hght of the sun’s limb will be clearly recognized in a very few seconds after 
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the true time of contact. On the other hand, he must be on his guard against mistaking 
some sligiit haziness around the point of contact for the appearance of true sunlight. It 
is also possible, in case of a very bright but undulating image, that the sharp cusps may 
from time to time be momentarily brought together by atmospheric undulations before 
contact really occurs. These are points upon which the observer must be left to his own 
judgment. He must in all cases try to estimate what the phenomenon would be if there 
were no undulations, and he will be assisted in this by taking particular note of the 
appearance at those moments of steadiness which generally occur every few seconds in 
the worst atmosphere. The trouble to which observers are prone is that of catching 
some phenomenon or undulation, which really occurs only from time to time, and 
fixing the attention on it as though it wei'e permanent. It is so easy to imagine that 
one sees irregular phenomena that the observer must be especially careful to distin- 
guish what is permanent from what is an accidental product of atmospheric vibration. 

The preceding directions apply principally to those cases in which the air is clear 
and the sky blue If tlie observation is made through a sky so covered by clouds or 
haze that there is no striking contrast between the brilliancy of the sun and that of the 
surrounding sky, the observation may be extremely difficult, because the completion 
of the thread of light will probably not be seen until a considerable period after 
actual contact. It is therefore best in such cases that the observer should note the last 
moment at which he felt sure the limbs did not become tangent and the first moment 
at which it became permanently evident that the planet had passed entirely within the 
sun. Perhaps no better definition can be given of contact under such circumstances 
than tliat it is the moment when the limbs are really tangent. 

Whatever moment the observer may note, it is indispensable that he give an accu- 
rate statement of the appearance presented by the sun and planet at that moment, 
accompanied by a drawing if necessary. If he is able also to give a drawing or 
descilption for the moment at which he last spoke the words “not yet,” and at which 
he first said “past,” it will be well to do so. At the same time the useless multiplica- 
tion of times is to be guarded against, owing to the distraction thus produced. 

Egress . — At egress the phases occur in inverse order, so that the same directions 
will apply when properly interpreted with the respect to time. The followung points 
are, however, to be especially noted: 

As the thread of light between the limbs of the sun and planet becomes very thin 
it will probably appear to darken, partly from atmospheric irradiation and partly from 
the eye being less affected by a thin line than by a broad band of equal brilliancy. 
If the atmosphere is undulating this thread may be expected to break up into a mass 
of undulating threads of light, continually changing their form and appearance. So 
long as this undulating mass continues to be seen in motion all the way across the 
dark space near the point of contact, so long contact has not occurred. If, however, 
the appearance of congealing into a hard immovable mass is presented, the moment 
of such seeming congelation is that of true contact. 

In looking for the complete disappearance of the undulating light the observer 
must be on his guard against mistaking the illumination of the outline of Venus, pro- 
duced by the atmosphere of the planet, for the true light of the sun’s limb. There 
were supposed to be some cases during the transit of 1874 in which the observer. 
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'watching' foi the fading line of light to disappeai, found himself leally obser’ving this 
atmospheric outline after contact was past This is a point on which, in the absence 
of complete expeiience, no definite instruction can be given to the observer, and he 
must lely upon his own judgment to guaid against a mistake of this kind 

In the case of paities supplied with double-image micrometers it is recommended 
that ineasuies of the thickness of the band of light between the two limbs be com- 
menced as soon alter internal contact as the observer has made all his necessary records 
and notes It will also be well, twenty minutes befoie second internal contact, to com- 
mence similai measurements of the thickness of the point of light between the limbs 
Gieat caie must, however, be taken to stop these measures and replace the micrometer 
by the eye-piece in good time to make a careful observation of contact 

Last contact — The obseiwer should note the last moment at which he certainly 
and distinctly saw the vamshing-notch made by the receding planet To assist in 
this it will be well to pionounce the .word “notch” from time to time and have the 
times noted by the assistant 

XXXyil —METHODS OF EBCOEDING OOETACT8. 

To make the best possible observations of contacts the observei must be well 
piepared to note the times of such phenomena as he may see, and this without any 
liability to eiiors of 10, 20, or 30 seconds, or a whole minute If he has to look at 
and lead a time-piece himself theie is danger of such errors They may be avoided 
by employing a chionogiaph, but in observing contacts there are two difficulties con- 
nected with the use of this instrument The first is that in the event of other signals 
than those of contact being made, whether by accident or design, it may be difficult 
to lecognize the meaning of the several signals The second is that in general the 
instant of contact can be recognized only by watching the course of the phenomena 
both befoie and attei that event, and thus the obseiver is not ready to recoid the con- 
tact till some seconds after it has occuried Still, with proper precautions against 
these difficulties, a chionogiaph may be used 

Expeiience has shown that when an obseivei notes the times himself, the surest 
way of guaiding against errois in the seconds is to have an assistant at the clock or 
chionoraetei to beat every second with a key, oi small hammer, upon a board By 
this plan a pocket watch may be used in the absence of a better time-piece At the 
moment of each beat the assistant must call out only the units or the tens of the sec- 
ond Thus, beginning at ten seconds, the calls will be ten, one, two, three, etc , 
twenty, one, two, etc, thirty, one, two, etc The reason for not calling the numbers 
in full, twenty-one, twenty-two, etc , is that then distinct pronunciation would require 
such a consideiable poition of a second that the observer might be in doubt which 
beat any one number belonged to The simple numerals fiom one to ten may be 
pronounced simultaneously with the beats, so as to leave no doubt An assistant 
beating in this way may give time to several persons 

If the observer employs an assistant at the time-piece to read off and record his 
times, he must also airange beforehand a system for registering notes respecting the 
phenomena Such notes wiU be “not yet,” “haziness near the point of contact,” 
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“flashes aiound the planet before contact,” “atmosphere of Venus clearly illuminated,” 
etc If several such notes have to be made, two assistants will be necessary — one to 
wiite them down and the other to lecord the times To co-ordinate the notes with 
the times, the letters A, B, C, etc , may be employed The assistant at the chronome- 
tei IS then to record the chronometei time at which the lettei was spoken^ and opposite 
it the lettei itself, while the other assistant is to wiite down first the lettei and then 
the note 

XXXVIII — DIAMETEE OF VBEUS 

If the chief of paity can spaie any time from the photographic opeiations 
between second and thud contact, it should be employed in measuring the diametei of 
Venus with the double-image micrometer Such measures may be made in groups of 
sixteen, viz Foui measures of the polai diameter, two of them being made with the 
index to the light of zeio, and two with it to the left, eight measures of the equato- 
rial diameter, four being with index to light, and four with index to left , and 
lastly, four moie measures of the polar diameter, two being with index to nght, and 
two with index to left By this anangement the zero point and all eirois symmetrical 
with the time aie eliminated Form II contains some obseivations of the diameter 
of Meicury, made during its transit in May, 1878, at Austin, Texas, which are given 
as a specimen of such work The numbers in the fiist column aie, the chronometer 
time when the raeasuiements were begun, namely 9 14 = 9’* 14“, the reading of an 
aneioid barometei, 28 98 inches, the tempeiature of the air, 92*^ Fahrenheit , and the 
chronometer time when the measuies were finished, 9 30 =: 9’* 30"’ The other columns 
are sufficiently explained by tlieii headings One levolution of the micro meter-sci ew 
is equivalent to 1 7“ 208, and the diameters are the pioduct of the sums by one-quarter 
of this value 

Form II 
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XXXIX -DATA EEQUIKED, 

Foi convenience of reference, the data which will bo K'cpiiu'd in roduciiifi flu* 
obseivations are here enumerated D 3, 4, 5, 6, 7, G 3, 6, H, !), 10, 11 3, jtii<l K 1 
can be best determined in Washington All the otheis must bo dott'rniiiu'd m (lit' fii'bl, 
and it will be the special duty of the chief of paity to see th.it iiotliing ncodful n 
omitted fiom the record 


3 

4 

5 

6 

7 

8 

9 


A — Name of station 
B — Latitude and longitude of station 

C With every observation, the name of each peison employed in making if, nnd tin* 
part he took in the work, must be lecoided 
D — For the meridian instrument 

1 Maker’s name and number 

2 Size and power of telescope 
Coirection foi flexure 
Correction for inequality of pivots 
Value of scale of striding level 
Value of scale of zenith distance level 
Value of one revolution of the micrometei screw 
Intervals of transit wires 
Intervals of miciometer wires 

E — Foi the chronometers 

1 Makeis’ names, numbers, and descnptions, whether mean turn* or sidmvnl, man 
ber of hours on dial, break-circuit or not, etc 

F_Ti of each chronometer to local time wlionevei it is used 

F The makers name, and number of the chionogiaph 
vx For the photoheliograph 

1 Number of objective ‘ 

2 Numbei of measunng-rod 
Length of measunng-rod at some definite tempeiatuie 
1 emperature of measuring-rod whenever it is used. 

JM umber of jaw-micrometer 

Coirection to be applied to readings of jaw-mioiometer 

Refractive index of reticule-plate 
Interval between reticule-plate and collodion-film 
Azimuth of the center of the reticule-plate 

Whei I ''“t retioule-plate 

shade, tTetempTratoeinL^Xtr^ atmosphere in tlui 

barometer and its attached thermoSeter^*^ oase and the reading of th« 
hour thermometer, must be recorded every half 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
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G. — For the i)liotoheliogTaph — Continued. 

1 5. hjvery negative must have its number marked upon it by a diamond. With 
each negative must be recox’ded tlie chronometer time of its exposure, a 
sidereal chronometer being used; the direction (east or west) of the small 
arm on top of tlie fi*ame, from the center of which the plumb-line is 
suspended; and tlie direction of motion of the exposing-slide (east or west). 
IF — For the engineer’s level, or level of precision: 

1. Maker’s name and number. 

2. Size and jxiwer of telescope. 

3. Value of level-scale. 

4. Value of micrometer-screw. 

F — For tlu^ theodolite: 

1. Maker’s name and number. 

2. Size and power of telescope. 

3. Diameters of limbs, and least reading. 

K. — For the etjuatorial telescope: 

1. Maker’s name and number 

2. Size of telescope. 

3. I’owers of eye-pieces. 

4. Value of one revolution of the screw of the double-image micrometer for each 

of the two front lenses. 

5. With every observation, tlie power employed in making it must be recorded. 

’Flic utmost care must be taken to have accurate knowledge of the local time on 
the da,y of tlie transit. Owing to the uncertainty of weather, no fair night must 
be allowed to pa,ss during the week preceding December 6 without the observation of 
star-transits for time and azimuth; but if clouds prevent such observations, then, if 
possible, tlie transit of both limbs of the sun must be observed daily during the same 
pisriod, the tclescojie lieing reversed between tlie limbs. On the day of the transit all the 
chronometers at the station must be compared in the morning, and again in the evening. 

On Decenilier 5th all tlie apparatus must be inspected .to make sure that it is in 
good working order, and care must be taken that the adjustments 4 and 5 of section 
V are correct. Doth on the day of the transit and on the day preceding, G 7 and 
G 13 must be very accurately determined ; and G 1.2 must be deduced from the tran- 
sits of stars observed on nights before and after the transit of V enus, but as near to 
that event as possible. 

Examples showing how observations of G 13 should be made and recorded are 
appended. In explanafion of them it is only necessary to say that Form III refers to 
observations with an engineer’s level, and I oem IV to obseivations with a level of pre 
cision. The theory of these observations has been already given in section V. That 
end of the bubble which gives the largest reading is toward the high end of the line, 
and tlie amount of elevation is found by multiplying the number in the line Diffei- 
ence” into one-sixteenth of the value of one division of the level scale. For the level 
Stackpole and Brother, No. 1510, the valve of one division was 6".54. One-sixteenth 
of this is 0^.409, which multiplied by 9.8 divisions gives 4".oi. For the level 
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Stackpole and Brother, No 1489, the value of one division is i" 74, one-sixteenth of 
this is o" 109, which multiplied by 22 o divisions gives 2" 40 The large collimation 
eiror of the telescope of this level is noticeable 

Form III — Observations made with the engineer's level Stackpole and Beothee, No 
1510, to determine the inclination of the line of collimation of the horizontal photohcl 10- 
grajyh at Hobart Town, Tasmania, December 9, 1874 


Object 

Observed 

End of Bubble 

North 

South 

North 

South 


d. 

d 

d 

d 

Reticule 

45 0 

13 9 




44 6 

13 9 



Transit 



12 0 

43 0 




12 5 

43 4 




12 2 

43 3 




12 2 

43 0 

Reticule 

44 0 

13 0 




44 0 

13 0 



Sums 

177 6 

53 8 

48 tj 

172 7 

bums 

231 4 

221 

; 6 

Difference 


Q 

5 


North end high, 4'' 01 


Form IV — Observations made with the level of precision, Stackpole and Brother, No 
1489, to determine the inclination of the line of collimation of the horizontal ^diotohelv)- 
graph at Washington, D C, September 9, 1882 
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XL._l!ECOEl)S OF OBSERVATIONS AND OI’ERATIONS. 

Of the Jouniiils. and memorandum-books, each observing-room is to have at least 
one for its exclusive use, in which every operation must be recorded in detail, with 
all the particulars necessary to its being full}' understood. A journal is also to be 
kept, in wliich all the operations of the party must be entered. 

In addition to tlie original record of the observations, a duplicate record must be 
made with ink, a,t the earliest possible moment. The following rules respecting the cor- 
rection of supposed mistakes must be attended to in the case of eacli set of records: 

Original roiif/Ji record . — In tliis record a number once written should never be 
erased. If the observer detects a wrong number immediately after writing it, he must 
draw a line througli it and write the correct number beside it. If it is concluded 
from subsequent observations that a number is probal)ly wrong, that fact must be noted, 
and the correct number indicated but the record as written must not 1)6 altered. Num- 
bers should not be inserted in this record which are the result of calculation. For 
instance, if the observer fails to note the minutes of the chronometer corresponding to 
any observation, he must ]iot conclude what they were from tlte preceding or subse- 
(pient observations, and then put them in, Init must omit them entirely, unless such 
omission would cause subsequent uncertainty. In that case the necessary numbers 
may be inserted, provided it is done in such a manner as to sliow that they were not 
directly observed, but are concluded from other parts of the record. To indicate this, 
a ('ircle ma}' be drawn around them. 

Sliould it be found necessary from any cause whatever to make the first rough 
notes of an ol)servatiou upon loose slips of paper, these slips must be carefully pasted 
into the proper note book, in immediate proximity to tlie formal record which has been 
copied from them. 

The diipUcate or fair copy . — The second record is to l)e copied from the first as 
soon as practicable after making the observafions, so that if mistakes exist they may 
be detected and corrected. If blank forms for the observations are provided, they 
may be used for the second copy as well as for the first; ljut everything for which 
they are not availal)le must be copied in chronological order into a single liook. In 
this duplicate copy greater liberty -wdll be allowed respecting additions and alterations 
than in tlie original, the object being to make a complete and correct record; liut in the 
event of numliers lieing added as the result of calculation, they should lie underscored 
with red ink, or otherwise indicated. 

All records of observations must include every particular necessary to their being 
completely undei'stood. For instance, wherever time is given, the particular time- 
piece employed must be designated; where level readings are given, the direction of 
eacli end of the level, east, -west, north, or south, must be recorded; when the images 
of lines on the plate-holder are oliserved with the transit, the direction of the image 
from the middle wire, whether right, left, north, or south, must lie stated, as well as the 
direction of the eye-piece of the instrument, east or west; and all photographs of the 
sun must indicate the exact time at which they were taken, and must be so marked 
that the position of the plate when in the holder — that is, the top, bottom, east and 
west sides — can always be distinguished. 
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In using the chronograph, the minutes and seconds must always be marked upon 
the sheet at least twice during each series of observations. All chronograph sheets 
must be preserved and sent home with the other original records, but in addition to 
this they must also' be read off and recorded in the proper books. 


—TRANSMISSION AND PUBLICATION OF OBSERVATIONS. 

All members of the parties are prohibited from publishing their observations, or 
results, without authority of the commission, but this prohibition is not intended to 
prevent any general s||tements respecting the nature and success of the work which 
the observers may choose to make In cages of co-operation with any other individual 
or party, the chief of the party is authorized to communicate to the other copies of 
all observations necessary to the special end' for which the co-operation was entered 

The chief of each party will transmit all the records to the president of tlie com- 
mission as soon as practicable after the completion of the observations They will be 
sent in separate packets, one containing the jouraal and all the original peiKiil memo- 
ran a of the obseivations, the other the fair copy already directed to be made. If 
practicaWe, the two packets must be sent at different times and by different convey- 
ances. From po^ where an American consul is stationed, they may be forwarded 

by him through the Department of State, in which case he must be Ltified to send 
the two packets by different ships 
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